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PRECIPITATION IN THE DRAINAGE AREA OF THE GREAT LAKES, 1875-1924 
WITH DISCUSSION OF THE LEVELS OF THE SEPARATE LAKES AND THEIR RELATION TO THE ANNUAL PRECIPITATION 
By P. C. Day 
’ In charge of Climatological Division, U. 8. Weather Bureau 


SYNOPSIS 


Owing to extensive discussion of lake levels and the causes 
controlling them, the precipitation data of the Weather Bureau 
and the Canadian Meteorological Service for the drainage basin 
of the Great Lakes have been examined with care. From 1875 
trustworthy determinations are possible. The precipitation 
averages about 32 inches per year, and in general increases from 
north to south. As a rule the stations considerably above the 
levels of the lake surfaces indicate more precipitation than those 
close to the lake levels. The lake surfaces probably receive about 
as great precipitation as do stations at or near the shore, the de- 
ficiency in catch in gages exposed on islands or peninsulas being 
considered as due to increased wind effect. ’ 

The precipitation was unusually heavy, on the average, from 
1875 to 1885, and the period 1875 to 1899 shows more precipita- 
tion at almost every station than the period 1900 to 1924. How- 
ever, there were groups of a few successive years with scant 
precipitation before 1900, one, indeed, before 1890. From 191 
to the present nearly the whole area has had decidedly scanty 

recipitation. It is not believed that removal of the forest cover 

materially affected the amount of water reaching the lakes. 

The water levels seem to be closely related to the quantity of 
precipitation, delays of a year or more often appearing in the 
response of the levels, since the run-off is not immediate. It is 
highly improbable that the deficient falls of recent years indicate 
permanent or semi-permanent establishment of scanty supplies of 
precipitation. A return over several years to the normal quantity 
ot Bipaame or to even greater amount may be expected to 

the present prevalence of unusually low levels in the lakes, just 

various periods of low water during the nineteenth century 
were terminated by generous rainfall. 
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PRECIPITATION DATA USED IN THIS INVESTIGATION 


Development of precipitation observations in the Great 
Lakes region.—The official collection of daily weather 
Statistics, including measured precipitation, in the 
96500—26——1 


United States for the purpose of issuing forecasts of 
probable weather conditions, began in the latter part 
of 1870, when steps were taken to secure reports from a 
group of stations as well distributed over the country as 
was then possible. 

On account of the growing importance of the Great 
Lakes as commercial highways at that time, and the rapid 
development of important business centers along their 
shores, more stations per unit area were established in 
this region than in other parts of the country. It is 
therefore possible to secure a more accurate estimate of 
the distribution of precipitation in this region during the 
early years of the Government Weather Service than 

ewhere. 

At a few points in this region the Army Medical Corps 
was already taking weather observations, as were also 
individuals and important observatories in cooperation 
with the Smithsonian Institution at Washington. 


About the same time meteorological observations were — 


begun on a rather extensive scale in Canada, and a 
number of stations were established on the Canadian 
shores of the Great Lakes or within their drainage areas. 

In subsequent years, more observing stations of the 
two Government weather services were established as 
needed for forecast work, and, in addition to these, an 
extensive system of cooperative weather stations was 

adually built up, so that for many years the entire 

ainage area of the Great Lakes has been covered by 
such a network of stations that it is possible to determine 
closely the daily, monthly, seasonal, or yearly distribu- 
tion of precipitation over all its parts. 

I of record and distribution of stations.—In mak- 
ing this study it appeared desirable that the period cov- 
ered should he sufficiently long to embrace all probable 
phases of precipitation distribution, including even 
those frequently assumed to recur over well-defined 


_short or moderately long periods. Moreover, a good 


distribution of stations was necessary in order that the 
separate lake basins and the drainage area, as a whole, 
should be represented. This, of course, was only pos- 
sible by reducing all the records to a homogeneous system, 
each station to cover the entire period of years. 

In examining the available data for the early years 
it soon became apparent that a period of heavy precipi- 
tation existed during those years over the Great Lakes, 
perticularly during the 10-year period beginning about 
1875. Although few stations were in operation during 
this period over much of the Superior basin, as well as 
over smaller areas in some others, it was clear that the 
period should be included in any discussion of the varia- 
tions in precipitation from normal, even though exten- 
sive interpolations were necessary to determine the 
probable precipitation. 
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In view of the above, it appeared best to limit the 
discussion to the 50-year period beginning 1875 and 
ending 1924, as this length of period would doubtless 
embrace the limits within which the precipitation might 
be expected to fluctuate, and would likewise disclose 
any tendencies toward the so-called recurring short- 
period cycles, should such exist. Also by 1875 the re- 
sages stations had become sufficiently well distributed 
to make possible a reasonably correct estimate of the 

recipitation over areas not then fully represented, and 
rom which actual data would soon become available. 
Brief notes of leading features of 1925 have been included 
since that year ended. 

During the early years of the period the records, 
except those maintamed for forecast purposes, were 
frequently broken. New stations were constantly being 
opened, however, so that moderately accurate charts 
of monthly and annual Begg for the greater 
part of the region are available for all the years. 

It was not possible to secure for the purposes of this 
study as good distribution of stations over the Lake 
Superior, area as elsewhere. Moreover, it was desired 
that each station, even though its record was not con- 
tinuous through the 50 years, should nevertheless repre- 
sent a distinctive area, embracing frequently several sta- 
tions with records for different periods, but so located 
as to justify the assumption that they represented the 
precipitation of the district. In such cases the name of 
the station having the longest record or most centrally 
located was adopted for the locality, to which was added 
the word ‘‘near,” thus indicating that the record is a 
composite of records made at the central station and at 
near-by points. In cases of broken records at these sta- 
tions, missing months or years were supplied by interpo- 
lation from the corresponding monthly or annual charts, 
or as described below. 

In localities where the lack of stations in the early 
years precluded interpolation from the charts, a station 
with the longest record, usually from 30 to 40 years or 
more, and best located for the purpose, was selected to 
represent the region, and precipitation ratios were estab- 
lished between that and the nearest full-record stations. 
From these ratios, values for the earlier years at the 
short-record station were estimated, it being assumed 
that, on the average, the ratios existing between near-b 
stations over a considerable period will continue indefi- 
nitely. It was generally possible to secure ratios of a 
short-record station to two or occasionally three favor- 
ably located full-record stations, thereby insuring a 
reasonably accurate estimation. 

With these estimated values, together with figures 
from the stations having complete records, it was possible 
to assemble data from nearly 100 points covering all 
we | of the several watersheds for the full 50-year 

riod. 

The data for stations marked ‘‘near,”’ where derived 
partly from those at near-by points or even where inter- 
“mae from the monthly or annual charts, have not 

een specifically indicated as interpolations, as they are 
considered as representing the districts with sufficient 
accuracy for the purpose. Interpolated data determined 
by the ratio method have been indicated in all cases. 

Exposure of instruments.—In studying precipitation 
data with a view to determining possible changes in the 
amounts received over long periods of years, it is essential 
that uniformity shall exist in all the details covering the 
final catch, including pattern of measuring gage, identical 
exposure throughout the period, and such factors as 
elevation above ground and character of surroundings, 
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any material variations in which may seriously impair 
the value of the record. 

Fortunately the gages used have been approximately 
uniform in pattern throughout the riod, but their ex- 
posure has been far from ideal and has varied greatly at 
many of the stations. This is particularly the case with 
the important telegraphic-reporting stations of the 
bureau where local business conditions have required 
many changes in the locations of the gages, chiefly result- 
ing in higher elevations, in efforts to escape the serious 
effects on the catch by the constantly increasing heights 
of near-by buildings. 

At subordinate or cooperative stations, conditions 
usually have been more uniform, these having mostly 
ground exposures, but frequent changes have been neces- 
sary in the locations of the gages, due to changes in 
observers. However, with the large number of stations 
these disturbing factors tend to a counterbalancing of 
effects, and the final averages probably closely approxi- 
mate the actual precipitation for the respective localities, 


FACTORS INFLUENCING THE AMOUNT AND DISTRIBUTION OF 
PRECIPITATION IN THE GREAT LAKES REGION 


Rs of water surfaces on precipitation over adjacent 
areas.—There has been much discussion concerni 
the effects of near-by large bodies of water on loc 
climate. It is known, of course, that the presence of 
water tends to equalize local temperatures, the effects 
being largely in proportion to the size of the water area 
and its location with regard to gplhegye J winds, prox- 
imity to mountains, etc. In the case of precipitation, 
however, the relations are more obscure and in order to 
determine as far as possible the facts for the near-by 
land as well as over the water surfaces of the Lake 
region, Figure 1 has been prepared. This chart is based 
on a period of 10 years only, 1915 to 1924, inclusive, 
but has been prepared from the record for every station 
in the region having observations for those years. 
these stations are mostly cooperative they practically 
all have ground exposures for their gages and present 
a group of mainly homogeneous data observed under 
conditions that should show with much accuracy the 
variations in precipitation due to local topography, 
proximity to bodies of water, etc. 


The es ae these averages for the 10-year 


. period, together with the elevations of the stations above 


sea level, have been entered on the chart for convenience 
in studying the variations due to local environment. 
Considering the Michigan-Huron area alone, ideall 
located in the main storm track of the country, and mod- 
erately free from important elevations to affect the free 
movement of the winds, it offers an excellent opportunity 
to determine closely the influence of water bodies and 
moderate elevations on precipitation. 
From the data for the two sides of Lake Michigan 
between latitudes 42° and 45° north, we are enabled to 
outline three nearly equal areas on opposite shores of the 
lake having about equal numbers of stations and “Pte 
ently almost identical elevations and surroundings. 
average annual precipitation, for the 10-year period, of 
the three areas from north to south on the western shore 
are 31.2, 31.5, and 32.2 inches, respectively, while on the 
eastern shore in the same order they are 31.6, 31.8, and 
32.7, amounts larger by 0.4, 0.3, and 0.5 inch, respectively. 
These differences in the annual amounts are so slight that 
it is apparent the interposition of this body of water has 
but little effect on the distribution of annual precipitation 
on the opposite shores; though there is a slight tendency 
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toward more days with thunderstorms on the western 
side of the lake than on the eastern; on the other hand, 
there is evidence of more days with snow on the eastern 
side of the lake than on the western. Both these varia- 
tions are to be expected, but they are small at the most 
and do not appreciably affect the annual amounts. There 
is, however, indication of increase on the eastern side 
due to the higher elevations, which would also be ex- 
— Comparing all stations having elevations 800 
eet or more above sea level, with those less elevated, an 
average difference is found of about 1.5 inches annually 
in favor of the higher altitudes. 

On the respective eastern and western sides of Lake 
Huron, there are rather important contrasts, whether 
due partially to the presence of the lake, or principally 
to elevation is uncertain. On the Michigan side there 
is a descent of 300 to 600 feet from the interior of the 
Michigan peninsula, with elevations from 900 to 1,200 
feet or slightly more, to the lake level. In this descent 
there is a falling off in average annual precipitation of 
slightly more than 3 inches, a group of well-distributed 
stations in the higher interior giving 30.7 inches annual 
precipitation, while an equally well-distributed group near 
the lake shore, with elevations 300 to 600 feet lower, gives 
an average of only 27.6 inches. This decrease of about 
10 per cent can be safely assumed to be due to change in 
elevation, since precipitation on the lee side of elevations 
is usually less than.that on the windward side. Further- 
more the decrease is twice as much as the increase due 
to elevation on the Lake Michigan side of the peninsula, 
which, too, is in accord with conditions usually found on 
windward versus leeward slopes. 

On the Canadian side of Lake Huron there is a sharp 
increase in the amount of annual precipitation and a de- 
cided change in the proportions occurring in the warmer 
and colder periods of the year, respectively. In this 
connection it might be stated that the region has frequent 
snowfall, though the total amounts of snow (unmelted) 
are usually not large. 

In connection with this increase it may be noted that 
the Canadian weather service considers in all cases that 
the ratio of unmelted to melted snowfall is 10 to 1. On 
the other hand, the United States Weather Bureau has 
adopted the policy of measuring the actual amount of 
water from the melted snow whenever this is possible. 
On account of the light and dry character of the snowfall 
in this region and the fact that the individual snows are 
usually only a few inches in depth, and therefore too light 
to cause material compression of the lower layers, the 
resulting water is probably on the average materiall 
less than the adopted ratio of 10 to 1. In view of this 
it is safe to assume that the amounts resulting from the 
two methods of obtaining the water equivalent of the 
snow are not strictly comparable; the effect of the 
presence of this lake as a disturbing factor in the dis- 
tribution of precipitation is therefore rendered uncertain, 
although the uncertainty is not large in any event. 


For the southern watershed of the Lake Erie basin there 
is strong evidence that the precipitation over the higher 
elevations is considerably greater than at the lower eleva- 
tions near the lake. Stations along the southern rim 
of this basin have average annual falls of slightly more 
than 38 inches, while an average of those near the 
southern shore of the lake gives slightly less than 33 
inches. Like conditions are noted locally in the other 
lake areas; hence it seems safe to state that where the 
lakes are materially depressed below the surrounding 
lands there will be found a considerable falling off in the 
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precipitation over the near-by water surface as com- 
pared with that of the higher land. 

In the case of Lake ‘Michigan the western and southern 
drainage areas are not materially above the level of the 
lake, hence there is little change im the amounts of 
precipitation with approach thereto. Furthermore the 
principal rain-bearing winds over this lake, particularly 
over its southern portion, are mainly from southerly 
directions and hence blow up the lake rather than across, 
thus largely counteracting, or at least modifying, any 
tendency to appreciable variation in amounts of precipi- 
tation over the lake as compared with the shores. 

Possibilities 4 variation in precipitation due to human 
agencies.—Much study has been applied to this question 
without definite conclusions, mainly due to insufficient 
length of record and uncertainty as to the comparability 
of existing records. However, it is the general scientific 
opinion that climate has not permanently changed within 
recorded history. There is evidence that local weather 
changes of small import may result from human agencies, 
such as the destruction of the forest cover, particularly 
of the evergreen type, wnich before repovel titat have 
afforded some protection from cold by diminishing the 
wind force, whereas removal permits freer air circulation 
and possibly a somewhat wider extension of windy areas, 

e drainage of swamps and shallow lakes favors a 
rapid run-off of precipitation and lessens the moderation 
of temperature afforded by water surfaces. Likewise 
the —_—- disappearance of the surface vegetal cover, 
resulting from improper methods of agriculture or other- 
wise, permits both rapid run-off and greater opportunities 
for evaporation and radiation. None df these, however, 
can be judged actually to influence in any important 
degree the precipitation in the Great Lakes region. 
for the reason that the greater part of the evaporation 
of moisture into the air occurs over the great ocean areas 
far removed from the regions where it is precipitated, 
and that this moisture must return to earth in due course 
through the gency of clouds floating far above the 
land, unaffected by forest cover, drainage of swamps, or 
bareness of soil. 

Much of the original forest cover of this region has 
been removed and doubtless there is some chance for 
increased wind movement and therefore increased evapo- 
ration of soil moisture, but it must be borne in mind 
that over forested areas a very perceptible portion of the 
precipitation never reaches the ground, particularly in 
the pine forests where much snow, or rain to a somewhat 
less degree, is held by the foliage, and finally lost entirely 
to the soil by direct evaporation, whereas when the forest 
cover is removed all precipitation reaches the gound, 
thus compensating in a measure, or even fully, for any 
increased evaporation of soil moisture due to higher 
wind movement. 


While, as stated above, the forests have been largely 
cut, it should be remembered that thishad been done 
many years before the recent lowering of the lake levels. 
Moreover, there is nearly always underbrush sufficient to 
perform the major functions of the forest in protecting 
the soil cover, retarding evaporation, etc. On the whole, 
therefore, the influence of the forest area, whether cut of 
otherwise, can be no important factor in affecting the 
amount of precipitation that may actually reach the 
soil. The effect of the removal of forests on stream flow 
in Wisconsin has been investigated by Prof. D. W. Mead, 
(1), who concludes that if there are any changes in the 
flow relations from the earlier period 1870-1890 to the later 
period 1890-1910, they are so small as to be immaterial. 
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As a check upon the possible change in precipitation the chain—show conclusively that in the past 100 years 
due to deforestation, dramage of swamps, lakes, etc., the there has been little change in the precipitation. The 
records of several rear in or rfear the Great Lakes assumption that deforestation, drainage, or other human 


area cover the 


cited. (See fig. 2.) 
At St. Paul, Minn., the precipitation record covers is therefore without substantial foundation. 


88 years, 1837 to 1924, inclusive. This station, while 
probably not in the area originally forested, is close to it REGIONAL DISTRIBUTION OF PRECIPITATION 
and in a region where much drainage of swamps and 


ongest periods available, may be activities have influenced appreciably the amount or dis- 
tribution of precipitation over the area under discussion 


lakes has occurred within the last half century. The Over the Great Lakes drainage basins.—For convenience 
average annual precipitation for the first 44 years was in studying the distribution over the individual lake 
27.26 inches, while the last 44 years, during which prac- drainage areas, the stations selected have been arranged 
tically all the drainage and deforestation have occurred, in alphabetical order and progressively by States around 


1627. 32 ‘37 ‘42 ‘47 . 32 ‘S57 ‘62 2 77 Waa. 
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60 STATIONS IN EASTERN PART OF THE UNITED STATES 
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Fig. 2.—Mean annual precipitation by 5-year groups for 3 stations with long records, and the average based on 60 stations in the eastern United States (5-year groups) 


show an annual average of 27.38, or a trifle more than each lake, thus brin 
when the original conditions existed. 


g all the data applying to each 
lake into separate tables, with a summation into a single 


At Marietta Ohio, there are practically complete table showing the average precipitation for each year for 
records of 2 gn centre for 100 years, 1826 to 1925, in- the entire drainage area (See tables 2-6 at end of paper.) 


clusive, 


locality, heavily forested at the beginning The Great Lakes are located on the main highway of 


of the record, has been lar ely denuded. Here the storms having their origin in the northwest, west, or 
average annual precipitation for the first 50 years was southwest, and moving eastward toward New England 


42.35 inches, while during the last 50+years it was 42.05. and the St. Lawrence Valley. In general they 


ave 


rs ewise at Rochester, N. Y., a record of 96 years, 1829 more days with precipitation than any other portion of 
3 1924, shows an average during the first 48 years of the country, save a small area along the coasts of Oregon 
3.42 inches, while the last 48 years shows 32.75 inches. and Washington, the number of days with precipitation 

The records for these three points—St. Paul slightly ranging from about 100 over the western drainage of 


West of the upper Lakes; 
comparatively near; and Rochester at the eastern end of _ basin. 


Marietta, south of them but Lake Superior to nearly 175 over portions of the Ontario 
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Precipitation from individual storms in this region is 
rarely heavy, amounts as much as 1 inch per hour occur- 
ring on the average not more than once per year at each 
station, while amounts of 2 inches or more in 24 hours do 
not occur more frequently. 

In Figure 3 is shown graphically the general distribu- 
tion of annual precipitation over the Great Lakes region, 
based upon the 50-year averages of all the stations. 

In general, precipitation increases southward from the 
upper to the lower Lakes, though there are well-marked 
exceptions, notably near the shores of southern Lake 
Huron, on both the Michigan and Canadian sides, where 
the annual averages are nearly 5 inches less than further 
east or west and but little greater than those found in 
portions of the northern Superior drainage. On the 
other hand, in the Georgian Bay region of Ontario there 
is an area with dustinetty heavier amounts, in some in- 
stances averaging nearly 10 inches above the figures for 
northern Michigan on the opposite side of Lake Huron. 

Another area of apparently light precipitation is found 
along the north shore of Lake Ontario and at a few points 
on the south shore, particularly near the lake level. 
Elsewhere over the drainage area the annual precipita- 
tion, as stated previously, increases gradually from north 
to south, ranging from about 25 inches along the northern 
watershed otlake Superior to nearly 40 inches over that 
of southern Lake Erie. 

Precipitation over the Lake region is rather evenly 
distributed through the year, wih a tendency toward 
heavier amounts during the warmer portions. This is 
particularly noticeable over the western districts, where 
the distribution more nearly resembles the Great Plains 
and upper Mississippi Valley type, viz: Moderately heavy 
at gan in summer and usually light in winter. 

ere the warm-season precipitation ranges from 60 to 70 
per cent of the yearly total. Farther east, however, 
there is some tendency toward heavier precipitation dur- 
ing the colder period of the year. This is most pro- 
nounced east of Lake Huron where, in the Georgian Bay 
district, nearly 60 per cent of the precipitation occurs in 
the six months October to March, inclusive. 

The percentages of precipitation for the two periods, 
April to September a October to March, inclusive, are 
shown on Figure 4. 

Over the lake surfaces.—With regard to the amount of 
water falling on the lake surfaces as compared with the 
adjacent land areas, it is of course impossible to make 
definite statements, though there is strong evidence that 
the catch in gages where exposures are comparable with 
the actual like surface is less near the lake than farther 
away from it. 

In northern Lake Michigan, a station has been main- 
tained at St. James on the extreme northern part of 
Beaver Island, located about 25 miles off the eastern 
shore, and approximately 50 miles from the western 
shore, for a period of about 20 years. Comparing identi- 
cal years with Mackinaw City, on the adjacent mainland, 
it is found that St. James receives only 94 per cent as 
great precipitation as Mackinaw. Similarly, near the 
western shore of the same lake, on Plum Island, off the 
extreme northern end of the peninsula which separates 
Green Bay from the lake, a station has been in operation 
for a number of years. Comparing identical years with 
two stations on the mainland some 25 miles equi-distant 
northwest and southwest of Plum Island, it appears to 
receive only 92 and 96 per cent, respectively, of the 
amounts for the two shore stations, or 94 per cent of an 
average for the two stations, the same as in the preceding 
case, 
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On the southern side of Lake Superior the Keweenaw 
Peninsula just northeastward nearly 50 miles into the 
lake, at the extreme northern part of which is the station 
of rH Harbor, Mich. e gage at this station is 
located only a few feet above the lake on the immediate 
shore and exposed to the full force of the lake winds. At 
Calumet, about half way between the base and the 
extreme northern point of the peninsula, but located 
inland about 4 miles, there is a station also with ground 
exposure for the gage, but at an elevation more than 600 
feet higher than at agle Harbor, and probably protected 
from the full force of the winds by the general forest 
cover. Comparing similar years of record, Eagle Harbor 
receives only 80 per cent as much precipitation as Calu- 
met. On the other hand, comparing Eagle Harbor with 
Houghton, Mich., a — eather Bureau station at 
the base of the peninsula and about 10 miles inland, with 
the rain gage exposed on the roof of a building 57 feet 
high, but probably not as fully exposed to the wind as at 
—— Harbor, the catch is only 14 per cent greater than 
at Hagle Harbor. Houghton has 10 per cent less precipi- 
tation than Calumet, due doubtless to the difference in 
wind effect on the catch of the two gages, and also to 
the higher elevation of Calumet. 

Considering the comparatively small differences in the 
average annual precipitation in the cases cited above, 
and the well-known fact that the winds are usually 
higher over the lake surfaces than on the adjacent 
shores, also that increased wind velocity materially 
lessens the catch, it may be expected that gages located 
away from the mainland, on islands or peninsulas, wi 
register less precipitation than would be measured on 
the shore; but this, it is thought, would in no important 
particular indicate a lessened actual fall over the lake 
surface as a whole, as compared with the amounts re 
ceived at shore stations near the lake level, but simplya 
lessened catch. 


IMPORTANT VARIATIONS OF PRECIPITATION IN THE LAST 
50 YEARS 


The record of nonperiodic variations.—Aside from givi 
the above general survey of precipitation, the purpose 0 
this investigation was to ascertain what important 
changes have occurred in the amount or distribution 
of precipitation over the Great Lakes drainage area 
during the 50-year period 1875 to 1924. 

Viewing the data from nearly 100 different points, 
on the yearly totals at each station in the separate lake 
basins, and averages for each basin as a whole, both by 
figures and diagrams, it becomes apparent at once that 
the outstanding features are the heavy precipitation 
during the first 10 years of the period over the greater 

art of the area, the persistent and important decreases 
cuales the following few years, the rather steady, but 
on the whole, diminishing annual totals for the period 
about 1896 to 1916, and the marked decreases in practi- 
oy all the region since 1916, including 1925. 
e heavy precipitation occurring in the early years 1s 
pat peculiar to the lake region alone, as is shown by 
gure 2. 

This beg the average precipitation for five-year 
periods from 1872 to 1924, inclusive, over the easterm 
two-thirds of the United States, based upon the reco 
of 60 well distributed observation points in that area. 

For a period of about 10 years, 1875 to 1885, the 
precipitation for this area averaged nearly 45 inches, 
whereas during the remainder of the period the average 
are mainly only slightly more than 40 inches or even less. 
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In the tables and diagrams showing the precipitation 
over the combined lake areas, as well as on the separate 
lakes, similar conditions appear and the same holds 

od for the individual long-record stations, particularly 
in the Superior, Michigan, and Huron basins, where, 
with two or three exceptions, all stations show much 
heavier precipitation during the early years. 

Dividing the adopted 50 years of record into two 

eriods of 25 years each, 1875 to 1899, and 1900 to 1924, 
inclusive, and charting the differences between the two 
sets of averages for all the stations (see fig. 5), it becomes 
evident at once that a large deficiency has accumulated 


during the later period over the greater part of the past, 


the area of important losses embracing practically 

the Michigan, Huron, and Erie basins, where the average 
loss per year ranges from 3 to 8 inches, the area of 
greatest loss, slightly more than 8 inches, occurring in 
the northern portion of the lower Michigan peninsula. 
Losses of from 2 to 4 inches per year occurred over 
much of the Superior basin and locally in that of Ontario. 
There was apparently a slight increase in precipitation 
during portions of the second 25 years at a few points 
north of Lake Superior and locally in some of the other 
basins, particularly on the Canadian side. On the whole, 
however, there is indisputable evidence of a large deficit 
in precipitation over the Lake region in recent years.’ 


Considering the drainage aréas of the four lakes, 
Superior, Huron, Michigan, and Erie only, some un- 
usually dry years occurred, even in the earlier part of 
the period. In 1888 the average precipitation for this 
entire area was only 29.6 inches, and the preceding and 
following years were nearly as dry. The driest of the 
50 Pie was 1895, when the average was 27.6 inches, 
and 1894 was likewise dry.2, The year 1910 with 27.8 
inches was the second driest of the period, but both 
the preceding and following years had amounts above 
normal. Continuing the record to 1925, that year had 
the least precipitation since 1875, with an average of 
27 inches only. 


Examining the dry periods by groups of three years, 
one preceding and one following the driest year, 1887-89 
had an average of 30 inches, 1894-96 had 29.8 inches, 
and 1909-11, 31.7 inches. However, the past three 
years, 1923-25, had but 29.2, this last group being the 
driest in the 51 years, and the six preceding years also 
had amounts less than normal. , 


The longest period with precipitation continuously 
below normal over practically all portions of the basin, 
but not so low as in some single years, embraces the 
last eight years of the period, 1917 to 1924, inclusive, 
in which only one year, 1921, approached closely the 
normal. Including 1925, the period is increased to 
nine years. ‘The average deficiency for the entire water- 
shed during this period was more than 2 inches per year, 
re A eed up to 6 inches or more in some portions. 

ee fig. 6. 

The possibility of periodic variations. —No other weather 
element varies so greatly as precipitation, nor has 
its upper limit been pepe 2 Like other weather 
elements, however, despite its wide variation, precipita- 
tion always tends to return to the amount common to 


; che is also true for the United States as a whole.—Editor. 
mon to then ashing | precipitation in the lake region during the years 1804-05 was com- 
central portions o tates, the drought years seeming] 
ing from the Mississippi Valley eastward.—Editor. * 
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the area considered. The Great Lakes region is as free 
from violent fluctuations of precipitation as any other 
part of the country; aurectheln, there are material 
variations in the yearly amounts, and it is probabl 
within the limits of. good judgment to state that periods 
of marked excess of precipitation will usually be followed 
by changes to the opposite condition, and that these 
swings may at times be effective over 5 to 25 or more 
ears. Probably the best guide to future conditions is 
owledge secured by a careful survey of the past. 

A record of 50 years’ annual precipitation is far too 
short to establish any conclusion as to the length of these 
a swings, but the 88 years of record at St. Paul, 

inn., referred to previously, may again be examined. 
In the five-year groups in Figure 2 there is evidence of 
preibaparbed : periods of heavy and light rainfall recurring 
at intervals of 20 to 30 years. The more important 
crests center at 1847, 1868 and again in 1902, while im- 
portant depressions occur between, the latest continuing 
at the present time. It is therefore within the bounds 
of precedent to expect in that locality, a return to normal 
or possibly to above normal within the next few years. 

As regards the effect of such a return on lake levels, how- 
ever, the evidence indicates that owing to the characteristic 
lag in response of lake levels to precipitation, the lake stages 
would probably go lower unless the increase of precipitation . 
above normal were very marked. 

Attention is invited also to the record of 100 years’ 
precipitation observations at Marietta, Ohio, and the 96 
years’ at Rochester, N. Y., shown on the same — 
with St. Paul. The five-year averages at these places 
show lo eriods of precipitation with general trends 
above or below normal, though there is little evidence of 
any pronounced recurrence of wet and dry periods at 
anything like uniform intervals. At Marietta, however, 
the trend is upward at the present time, the precipita- 
tion for the past 10 years approaching closely the wettest 

eriods of the record. At Mochinter the past five years 

ave been among the driest of record, though not so dry 
as the five-year periods centering at 1837, 1887, and 
1907. Here the trend is at present downward, and as 
the five-year averages of precipitation have been below 
normal for 20 years or more, it is perhaps an allowable 
conclusion that in this locality precipitation will soon 
return to normal or above. 

No matter how we may view the question of the dis- 
tribution of precipitation in the Great Lakes region dur- 
ing the past 50 years, there can be but one conclusion: 
that there has been a marked falling off in the amount 
of precipitation received in recent years, as compared 
with the amounts 40 to 50 years ago. There is, however, 
hime no cause to suspect human agencies as being 
responsible for any important part of this lessening. 
Nor has any other area of the earth’s surface suffered 
within recent times a permanent important change of 
climate, a fact indicated by the rate of forest growth, 
which appears to have been not greatly variable for hun- 
dreds or even thousands of years, and by the agricultural 
products which have in many cases remained unchanged 
since earliest times. It is therefore safe to predict that 
fluctuations in the amounts of precipitation over this 
region will occur in the future as in the past, and we 
shall again experience the generous distribution received 
during the earlier years of rainfall measurement in this 


region. 
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RECORDED CHANGES IN THE LEVELS OF THE GREAT LAKES 
AND THEIR RELATION TO EVAPORATION AND PRECIPI- 
TATION. 


Evaporation as a possible cause of reduction in lake 
levels.—Of all the lakes making up the chain from Superior 
to Ontario the first named has been affected least by the 
human activities usually assigned as being to some extent 
responsible for changes in climate. 

he greater part of its drainage area lies north of the 
lake and in a region still largely covered by the original 
forest. Hence, deforestation as a factor in reducing pre- 
cipitation and its resultant run-off, into this lake at least, 
must be eliminated as a factor. 

Increase in the rate of evaporation has been assigned by 
some as a possible partial cause for the reduction in the 
lake levels, this change, it is assumed, being brought about 
by destruction of the forests, the possible increase in wind 
velocity thereby, the drainage of swamps and changes in 
the character of the ground cover. 

As stated above none of these have been extensively 
operative in the Lake Superior district, but the level of 
that lake has apparently fallen more rapidly than the 
others. In advance of the fuller discussion of lake levels 
in the section on ‘‘Lake levels and precipitation,” fol- 
lowing, it may be stated that for the period 1875 to 1916 
the range in the Lake Superior level was but 1.7 feet, 
while that of Huron—Michigan for the same period was 
3.6 feet, slightly more than twice as great. Since 1916, 
including 1925, the fall in Superior has been about 2 feet, 
while for Huron—Michigan it has been 3.1, only one-third 
greater. This proportionately greater decline in the level 
of Lake Superior can not jogically be ascribed to increased 
evaporation from its surface since the factors usually 
assigned as influencing evaporation have not materially 
changed in that area. 

Evaporation is to a very large extent dependent upon 
the difference between the vapor tension due to the tem- 
perature of the water surface and that of the air directly 
in contact with it. If the difference be great, evaporation 
will be rapid, while it will decrease as the two values of 
vapor tension approach each other. 

ayford (2) says in discussing run-off and evaporation: 

The run-off and the evaporation in question have not been meas- 
ured directly. From sources of information which are in part 
external to this investigation, it is estimated that during the months 
June—October of each year the run-off into Lake Erie from the sur- 
rounding land-drainage area is such as to produce a rise from 0.004 
to 0.040 foot per day in the mean lake surface, with only a small 
peg rs at of days in which the rise is more than 0.020 foot. For 

ke Michigan—Huron the run-off expressed in the same terms is 
even more constant. 

So, too, from external evidence, it is estimated that on either lake 
during the season June to October the evaporation produces a fall 
in the mean lake surface varying from but little more than 0.000 


a on some days to 0.021 foot on days of extremely rapid evapora- 
ion. 


The above estimate of the maximum evaporation loss is 
supported by the few direct observations made by the 
United States engineers at Milwaukee (3) in 1862-64 
as given in Table No. 1 below. That table also includes 
the monthly totals of evaporation as recorded at the three 
evaporation stations maintained by the Weather Bureau 
in the general region of the Great Lakes, but not, how- 
ever, close to any one of them. These stations are 
located at Centerville, Minn., Columbus, Ohio, and Itha- 
ca, N. Y., and the record is for the months May-—Sep- 
tember, both inclusive, 1919-1925. 
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Taste 1.—Monthly evaporation in inches and hundredths at certain 
stations 


Station and year May | June | July | Aug. | Sept. | Total 
Milwaukee, Wis.: 
90 5. 54 6. 49 5. 76 4.13 | 26.89 
3.75 5. 41 5.18 4.73 4.00 B.07 
8.36 7. 53 7.45 4.78 2.00 | 30.19 
5. 67 6.16 6.37 5.09 3.38 | 26.67 
Centerville, Minn.: 
5. 61 7.29 | 10.68 6.19 4.37 34.14 
5.75 7. 56 6. 20 5. 87 4.23 29. 61 
AER 7.01 6. 56 7.06 5. 33 4,39 30.35 
6.38 5.74 6.14 7.25 3.36 28, 87 
1[7.26]} 7. 67 5. 92 8.37 5. 69 | 1 [84. 91) 
6.35 6.76 7. 20 6. 53 4.46 | 31.9% 
Columbus, Ohio (State University): 
3. 45 6.11 | 26,84 5. 40 4.25 26. 05 
4. 87 5.12 6. 02 3. 58 3. 63 23.20 
4, 89 6. 42 6. 68 5. 85 3. 40 27.%4 
4. 69 5. 69 6.12 4.91 4.02, 25.43 
4. 56 5. 26 5. 68 4.34 3. 42 B.% 
3.17 4.05 5.78 5.76 3.38 | 2214 
3 5. 83 7.12 5.77 4.94 4.32 27.98 
4.49 5. 68 6, 13 4.97 3.77 25. 05 
Ithaca, N. Y.: 
3.70 5.11 5, 60 4.00 3.74 22.15 
4. 93 4.78 5. 02 4.45 4.07 B. 2% 
58 5.90 5. 58 5.33 4.10 25. 49 
4.74 4.95 5. 81 5.11 7.05 27. 66 
4.24 5. 06 5.75 4.85 2.37 22.27 
2. 65 4. 53 5, 04 4, 28 2.31 18.81 
3. 42 6. 05 5,14 4.12 2. 43 21.16 
4. 04 5. 20 5. 42 4. 59 3.72 | 2297 


1 Figures in square brackets are interpolated. 
2 Record for Wooster, Ohio, which should compare favorably with Columbus. 
3 Partly estimated. 


The air temperatures and presumably the water 
temperatures also, during the great majority of the 
months comprised in the record, were a i normal, 
especially in 1921, 1922, and 1923; evaporation was ata 
maximum in 1921 except at the Ithaca station, where the 
maximum was deferred until 1922. Considered as a 
whole the temperature was favorable to rapid evapora- 
tion during the first four years and the wind movement 
was not adverse to it, but during the last three years 
temperature conditions were not particularly favorable 
for any increase in evaporation. 

The difficulty of applying the results of the pan ob- 
servations at the three stations to large water areas such 
as the Great Lakes is recognized.* 

Lake levels and precipitation.—In view of the impor- 
tance of the commercial interests around the shores of 
the Great Lakes, the vast amount of freight transported 
on their surfaces, the constant trend toward the use of 
vessels with greater tonnage as a matter of economy I 
transportation, and the depth limitations of harbors and 
connecting channels, any changes, actual or prospective, 
which indicate a lowering of the levels of these waterwa 
are viewed with much concern. A discussion of the 
distribution of precipitation over their drainage areas 
would be incomplete without some comparison of this 
with their stages. 

Seta the courtesy of the United States Lake Survey 
Office, Detroit, Mich., transcripts of the monthly and 
annual levels of the several lakes from about 1860 to 


3 An extensive and interesting discussion of the possibilities of evaporation from the 
Great Lakes is now in course of preparation by Mr. John R. Freeman, consulting eng" 
neer, Providence, R. I., in which the ¥ aay ang is approached by several different methods, 
but mainly by measurements of differences between the inflow into the lakes an 
discharge therefrom, and by consideration of the temperature, wind and other co 
over their surfaces, based upon many years of observation. 
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1924 have been secured and diagrams showing graphically 
these annual levels are presented with those of precipita- 
tion, for each of the lakes and for certain fea ren 1008 
of eT for the 50-year period 1875 to 1924. (Figs. 
7, 8, 9. 

On account of the extensive area of the region under 
discussion, the various sizes of the lakes and of their 
respective watersheds, the different amounts of precipi- 
tation over their drainage areas and the large dependence 
of the levels of Lakes Huron, Michigan and the lower 
chain upon the discharge from Lake Superior, a close 
correlation of the levels of the individual lakes with the 
precipitation over their respective basins is impossible 
save for Lake Superior. 


Lake Superior.—This lake, having a mean elevation 
above sea level of about 602.2 feet, or 21.3 feet above that 
of Lakes Huron and Michigan, is influenced in no par- 
ticular by the conditions existing in the lower lakes. 
Its stages should therefore respond directly to the precipi- 
tation over its drainage area. It has a seasonal range in 
level of about 1 foot, being usually highest in the late 
summer and early fall, averaging 602.78 feet in Septem- 
ber, and lowest in late winter and early spring, averaging 
601.75 in March. 

For the period, 1860 to 1924, inclusive, the highest 
yearly average was 603.06 in 1876, except in 1916 when 
ay by artificial means * the level was raised to 603.10 
eet, and the lowest 601.42 in 1924, though it was only 
a trifle — in 1879, 1892 and 1911, the extreme range 
by years being but 1.64 feet. 

In general the levels of this lake respond to the pre- 
cipitation over the drainage area, though usually the 
maximum effect of one year’s precipitation is not reached 


until the following year unless it is excessive or deficient 


early in the season. 

e highest yearly average ever reached under normal 
conditions, that is prior to the installation of the regula- 
tory works in 1916, is 603.06 feet in 1876, although the 
og iy sage for that and the preceding year, as shown 

y the few stations then in operation, does not appear to 
have been materially above the normal. However, the 
lake was nearly as high for several years preceding, and 
the excess of precipitation in 1876 was promptly effective 
in continuing the rise. 

Immediately following this high stage there was a 
marked fall in the lake level for three consecutive years, 
during which the precipitation, though still above 
normal, diminished somewhat for two of the years, but 
not in the volume apparently necessary to produce such 
a - change in the lake level, while the last year of 
the three had apparently the heaviest precipitation of the 
50 years under consideraton. This was without effect 
in staying the downward trend of the lake level for that 
year, though its influence is shown in the prompt and 
important rise in the two following years. The failure 
of the heavy precipitation in 1879 to stay the fall in lake 
level for that year was doubtless in a measure due to 
Its Occurrence mainly late in the season. Also it is 
Possible the interpolated values of precipitation, assign- 
ing heavy falls to the entire drainage area, as indicated 
by the few records available at that time, may have 

Nin error. Furthermore, there is some evidence of 


error in the measurements of lake levels, as shown by 


yititer under date May 18, 1925, from Lieut. Col. E. J. Dent. 


orps of Engineers 


Cc 
-S. A., reports that compensa works at the outlet of Lake Superior had perma- 
hently the level of that about 1 foot. 
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unusual changes in some of the months, and to the fact 
that portions of these records also were interpolated. 
Another significant fact is that the higher the lake level 
the greater the opportunity for a rapid run-off through 
the enlargement of the usual discharge channels. ) 
levels wil therefore be lowered: much more rapidly 
when at flood than at lower stages. 

There are occasional instances when the full extent — 
of the rise or fall, but particularly of the rise, is coincident 
with the year of increased or decreased precipitation. 
These are well illustrated in the rises associated with the 
moderately heavy precipitation of 1893, 1894, 1899 and 
1916. In the latter case, however, compensating works 
at the outlet of Lake Superior had, as already pointed 
out, permanently raised the level of that lake by about 
1 foot. These works must have become operative to 
some extent prior to 1916, as indicated by a rise of 1.7 
feet in the level between 1911 and 1916, without any large 
excess of precipitation, while the completion of the wor 
in 1916 is doubtless responsible for the sharp rise in that 
year, although there was a material increase in the 
precipitation also. 

During the following year, however, there was a 
striking deficiency in precipitation, and the lake level 
fell off rapidly, apparently from no other cause than 
lack of precipitation over the watershed. 

Beginning with 1917, the annual precipitation in this 
basin has been constantly below normal, and except for 
slight interruptions, the lake level has continued to fall, 
till in 1924 it was at the lowest stage of record, though 
as stated previously the stage was only 0.01 foot higher 
in 1879. e past year has shown a continued deficiency 
in precigitation and the average level for 1925, 601.10 
feet, is the lowest since 1860. It is clear that but for the 
ca. works the present actual level of Lake Sup- 
erior would be nearly a foot lower, presumably all due 
to a lack of precipitation, unless the canals and locks 
leading to the lower lakes have augmented the discharge, 
which appears improbable since in all operations tending 
to improve navigation in the links connecting these 
lakes it has been the aim to so place excavated material 
that while the channel is deepened the actual outflow 
shall not be increased. 

Examining the records of precipitation over the 
watershed since about 1885, when the number of report- 
ing stations became sufficient to establish reliable values 
of precipitation for all portions of the = area, 
it appears that a precipitation average of about 29 
inches will maintain the lake level above 602.2 feet, 
without artificial control. 

In comparing the changes in Lake Superior levels with 
the precipitation over its drainage area, it is remarkable 
how small the responses are to important variations in 
precipitation. This is particularly noticeable in the 
great extremes of parents in 1884 and 1885, when 
the annual averages differed by about 1 foot, but the 
increase in lake level from 1884, the year of excessive 

recipitation, to 1885 was only 0.3 foot, while the decrease 
rom 1885, the Ba of marked deficiency, to 1886 was 
but 0.4 foot. This may have been due largely to the 
season of the year in which the bulk of the precipitation 
occurred. In this case the excessive precipitation of 
1884 was largely toward the latter part of the season 
and did not becdms fully effective until the following 
year, thereby overcoming to some extent the effects of the 
deficiency in 1885. 


9% 
tain 
~ 
otal 
26.82 
2,07 
= 
& 
22. 27 
21.16 
22.97 & 
ater 
nal, 
at a 
the 
a 
or'a- 
vent 
able 
ob- ¥ 
uch 
por- 
of 
rted 
e of 
and 
ive, 
ays 
the 
reas 
this 
) to é 
m the 
nd the 
q 
5 


98 MONTHLY WEATHER REVIEW 


Lakes Huron and Michigan.—As these lakes stand at 
practically the same elevation (average for the 50-year 
period, 580.9 feet above sea level), and their drainage 
areas receive usually similar amounts of precipitation 
conditions affecting the level of one will be reflected 
promptly in the other, and they may be considered as a 
lake. 

ike Superior, they were at high stages near the 
beginning of the period, the level in 1876, 582.61 feet, 
being within a few inches of that in 1886, 582.96 feet, 
the highest in the 50-year period. The levels of these 
lakes also fell off rapidly, as did Superior, during the three 
— following 1876, due to diminishing precipitation, 
ut the fall was somewhat less rapid than was that of 
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low stages of Lake Superior, whose drainage area during 
a portion of the period was likewise experiencing an 
important reduction in precipitation with diminishing 
run-off. 

There was a sharp fall of slightly more than 1 foot in 
the levels of Lakes Huron from 1894 to 
1895, the drought years, the greatest change within 1 

ear for the entire 50 years, and a continued slight fall 
in 1896 brought the level of Lake Michigan to an eleva- 
tion of 579.47 feet, 3.49 feet lower than in 1886, as quoted 
from the report of the Deep Waterways Commission 
noted above, and within 0.41 foot of the stage of 1924, 
579.06 feet, the lowest of record for the 50-year period. 
The 1925 stage was only 578.21 or 0.85 foot lower still. 


discharge from that lake. 

Under the influence of much the heaviest precipitation 
in the 50 years over the drainage basins of these lakes 
from 1880 to 1885, supplemented by a nearly normal 
discharge from Lake Superior, they again rose steadily 
to a level of 582.96 feet by 1886, the ichest, as previously 
stated, in the 50-year period and probably with one or 
two exceptions the highest since 1838, the year of maxi- 
mum known stage, 584.34 feet. 

Beginning in 1886 there was a sharp decrease in pre- 
cipitation, which, with slight recoveries in 1890, 1892 and 
1893, continued until 1895, inclusive, the last-named year 
having the least of the 50 years. The lake levels fell off 
during this period, the decline being augmented by the 
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the 8 to 10 years following 1895, augmented by more than 
normal discharge from Lake Superior due to the same 
cause, the levels of these lakes gradually rose to slightly 
above normal stage of 580.90 feet, continuing steadily at 
581 feet thereafter for several years. 

Since 1908 there have been several sharp increases and 
decreases due to changing precipitation in both the 
Huron-Michigan and Superior basins and to increasing 
or decreasing discharge from Lake Superior, the lakes 
rising in 1918 to the highest point since 1889. : 

Since 1916, excepting 1921, the precipitation in the 


basin of these two lakes, as well as that of Lake Superior 
during the whole period, has been constantly below 
normal, the average deficiency for the 8-year per 
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being 1.7 inches per year, or a total of 13.6 inches for 
the period. During the 9 years, 1893 to 1901, inclusive, 
the average precipitation was slightly less in this basin 
than indicated above, but in this period Lake Superior 
levels were high and the discharge ‘sgor: ap § was materi- 
ally above normal, thus offsetting the effect of decreased 
precipitation in the Huron-Michigan basin. 

Since 1916, precipitation over the Lake Superior basin 
has been constantly below normal, the average yearly 
deficiency being 2.84 inches or a total of nearly 23 inches 
for the 8-year period. As a result, the water level of 
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The report of the Board of Engineers on Deep Water- 
ways (4), gives numerous references to the early levels 
of the Great Lakes, and shows that the extreme high 
water to which all levels concerning Lake Michigan are 
referred, occurred in 1838, when the elevation stood at 
584.3 feet, 3.4 feet above the normal. It was nearly 
as high in 1858-1859. 

_ The lowest authentic stage appears to have occurred 
in 1819, 577.7 feet, 6.6 feet lower than in 1838 and 0.5 
foot lower than in 1925, which, with that exception, is 
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probably the lowest of record. 
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Fic. 8.—Precipitation and lake levels, annual means, 1875-1924, for Lakes Erie and Ontario 


Superior has been greatly reduced, despite the presence 
of regulatory works at the Soo, and Lakes Huron and 
ichigan are now receiving far less discharge from 
Superior than usual. 
The prompt rise of these lakes in 1917 and 1918 in 
response to the moderately heavy precipitation over 
their drainage areas in 1916, with nearly normal discharge 
from Lake Superior, shows that with an average annual 
recipitation of slightly more than 32 inches, the normal 
or the basin, and with the usual discharge from Lake 
uperior, these lakes will maintain their normal level. 
. In connection with the 1924 levels of these lakes, it is 
Interesting to note that in their early history they 


showed fluctuation as great or possibly greater than any 
M recent years. 


In this connection the following quotation from the 


report of the Board of Engineers on Deep Waterways 
is pertinent (4): 


The general depth of the foot of Lake Huron, 144 miles above 
the head of the St. Clair River, was originally about 21 feet to 27 
feet, over which were scattered numerous shoals with only 16 to 18 
feet of water. A channel 2,400 feet wide and 21 feet deep at mean 
stage has been cut through these shoals. At the time of the last 
complete survey of the head of the river, in 1867, the depth across 
the bar over which the lake discharges into the St. Clair River 
was only 27 feet, and through the gorge at the head of the river 
the central depth was 48 feet. 

Investigations made during 1898 and 1899 show that a channel 
has been scoured through the bar 75 feet deep, and the depth in 
the gorge at the narrowest place increased from 48 feet to 66 feet. 

There is now a channel over 40 feet deep from the lake into the 
river, the increased outflow through which has lowered the general 
level of Lakes Huron and Michigan about 1 foot. 
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Lake Erie.—On account of the smaller area of the drain- 
age basin, and its lower elevation, the levels of this lake 
are governed largely by the discharge from the higher 
lakes of the chain. 

In general, the responses to variations in precipitation 
are more prompt here than in the _— lakes, though, 
as might be expected, they are less in degree, due to the 
rae? effects of the discharge from the other lakes. 

Like the lakes previously discussed, Erie was at high 
stages near the oe of the period, reaching a maxi- 
mum in 1876 of 573.7 feet, the normal for the 50-year 
period being 572.4. The heavy precipitation in the early 
eighties over most of the Great Lakes was less pro- 
nounced in the Lake Erie basin, and the corresponding 
water levels did not reach the extreme high points shown 
by Huron-Michigan, though they continued high for a 
longer period. 

eginning with 1891 the Lake Erie levels fell off, due to 
decreasing precipitation over the whole region, and 
reached the lowest stage of the 50-year period, 571.2 in 
1895. This, however, was not so low as in 1925, 570.9, 
the lowest since 1860. 
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With the other lakes, Ontario has been more or less 
below its usual level for several years, though the fall 
has not been so uniform or so extreme. e Erie it 
rose slightly during 1924, following a considerable in- 
crease in precipitation over its basin, but fell with the 
other lakes in 1925, despite a continued increase in the 
precipitation over the drainage area, — in 1925 it 
did not reach the low average level of 1895 by more than 
half a foot. 

Mathematical correlations between precipitation and lake 
levels—It seems clear from an inspection of Figures 7 
and 8 that an analysis of lake levels and precipitation 
by the method of correlation coefficients would yield 
interesting results. To include a reasonably compre- 
hensive study of this character would delay publication 
of this paper. However, at the suggestion of the chief 
of bureau, we present at this time the results of the 
computation by Mr. E. W. Woolard and Mr. W. R. 
Stevens of the direct Pearsonian coefficients of correla- — 
tion (with their probable errors) between the levels of 
the Great Lakes and the precipitation over the water- 
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Fic. 9.—Precipitation and lake levels, 1875-1924, mean for four lakes, Superior to Erie 


Precipitation continued generally less than normal for 
a number of years following 1895, and the Jake level 
remained at low stages until 1902, following which there 
were several sharp rises and falls, also shown by the 
other lakes, Erie reaching comparatively high levels in 
1913 and again in 1917 and 1919. Since that time the 
lake level has been below normal, reaching a low point of 
571.4 in 1923, only slightly higher than the lowest pre- 
ceding record, 571.2 in 1895, and slightly lower than in 
1901 and 1911. Contrary to the case of the lakes dis- 
cussed previously, Lake Erie showed a slight rise from 
1923 to 1924, due evidently to increased precipitation 
over its watershed; but, as stated above, its stage again 
fell during 1925. 

Lake Ontario.—This lake has an average elevation of 
246 feet above sea level, or 326.4 feet lower than Lake 
Erie. It has generally wider fluctuations than Erie, but 
they are mainly similar. 

Like the other lakes it was high in 1876, but reached 
its peak in 1886, 247.6 feet, though it was nearly as high 
in 1908 and again in 1913. As in the case of Erie it 
reached its lowest level for the 50-year period, 244.8 feet, 
in 1895. 


sheds, using simultaneous values of the annual means 
of the quantities. 


Lake Huron-Michigan. + .505+ .105 


The first two coefficients, in addition to being v 
small, are apparently not significant (judged by their 
probable errors); the third apparently is significant, but, 
since the importance of a coefficient is measured by its 
square, even this coefficient is not very large. Moreover, 
the ordinary formula for the probable error of a correla- 
tion coefficient is not reliable for samples as small as 50. 

There is, of course, a delay in the response of lake 
levels to precipitation. Mr. H. W. Clough has sought 
to bring this out by his short method of obtaining corre 
lation coefficients, which is based on the signs of year-to- 
year variations. The following table shows the coefli- 
cients between precipitation and lake levels, the 
precipitation being compared with the lake levels of 
one year before, of the same year, and of one, tw®, 
and three years later: 
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Superior... .---- +20; —50 —57 
Michigan-Huron —48 —2B +52 +36 +15 

—56 +57 —25 +20 —57 
Ontario —48 +40 —32 —2 


The sequence of the si and the magnitude of the 
values clearly indicates a lag of lake teva behind pre- 
cipitation, but accurate evaluation of this lag from yearly 
data is impossible. For Superior, the lag is apparently 
somewhat less than a year (about nine months) and for 
Michigan-Huron about a year. For the lower lakes it 
appears to be between two and three months. These are 
conclusions based on the obvious indications of the figures; 
there are, however, certain evident discrepancies, but 
discussion of these must be reserved for another paper. 

It will be noted, moreover, that there is both agree- 
ment and disagreement between the values for the 
coefficients as computed by the Pearsonian and the short 
methods for the simultaneous relations of lake levels and 


‘precipitation, especially for the case of Lake Michigan- 


uron. The eement is to a considerable extent 
explainable on the basis of two factors: First, in the early 
years of the record there was a large and persistent lag 
of the Michigan-Huron level behind the precipitation; 
second, the Pearsonian method takes account of secular 
trends, which in the data under review are very pro- 
nounced. 

It is eer that further study of these data by the 
method of correlations will be carried out, using raonthly 
or seasonal values as far as the data available permit. 


SUMMARY 


An attempt has been made to show graphically the 
relation between the average annual precipitation over 
the drainage area and the average combined change in 
lake Jevels resulting therefrom. “Goo fig. 8.) 

In preparing these graphs only the four lakes, Superior 
to Erie, have been considered. One of the graphs shows 


the average annual precipitation over the four drainage 
96500—26——2 
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areas, based on the records from all the stations used in 
computing the precipitation over these areas, while the 
other shows the average annual change in the levels of 
the four lakes resulting from changes in precipitation or 
other factors affecting their levels. 

These, as may be expected, show decidedly complicated 
conditions, but still indicate that material variations in 
precipitation are effective on the lake levels for a con- 
siderably longer period than would be expected, thus 
making the combined changes comparatively small 
even when the changes in precipitation were large. 

The yearly changes of the individual lakes, as previously 
indicated, are shown on the preceding diagrams. 
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TaBLE 2.—Annual precipitation in the drainage area of Lake Superior, 1875-1924 (inches) 
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1 Interpolated. 


Ash- (Butter-| Flor- | | Maple! | New- | Sault | poy Sa- | Schrei-| white 

a i | (near near), | (near near), ph near), : near), | (near 

Minn: | Wis.'| Wis. | Wis. | Mich. | Mich’ | Mich. ont. | “One” | Ont. 

| 32.27 | 130.25 | 129.40 | 130.66 | 130.98 | 133.24 | 131.17 | 135.08 | 137.10 | 135.72 |139.48 | 31.44 |135.16 | 32.41 | 126,46 | 128.84 |133.66 [127.46] 32,97 

34.31 | 132.36 | 131,25 | 132.59 | 132.04 | 135.34 | 131.45 [134.36 | 131.28 [134.98 |133.15 | 27.54 |120.52 | 27.09 | 128.58 | 130.66 | 134.86 |126.84]) 31.63 

28.09 | 1 26.98 | 126.38 | 126.68 | 126.97 | 128.93 | 129.66 | 134.95 | 134.36 | 135. 59 136.42 | 36.19 | 132.48 | 25.19 | 24. 48 |1 26. 68 132.80 |128.24| 30.06 
| 45. 28 | 138.10 | 135.91 | 143.02 | 143.47 | 146.64 | 142.77 | 147.54 | 135.50 | 148.40 |137.60 | 40.75 |133.56 | 23.09 | 27.42 |1 29.89 |136.78 (131.72 | 38.19 

i 38.05 | 134.94 | 133.78 1136.15 | 136.53 | 139.19 | 135.71 | 130.55 | 131.77 | 140.26 33.44 |129.98 | 30.62 | 29.58 | 132.06 | 137.23 |130.02| 34.58 

| 37.55 1133.33 | 131.92 1135.67 | 136.05 | 138.68 | 138.09 | 143.98 | 140.98 | 144.79 |148.61 | 42.91 | 143.31 | 24.92 | 26.63 |129.03 36.95 

38.02 | 131.24 | 129.23 | 136,12 | 136.50 | 139.16 | 136.73 |141.35 | 138.75 |142.10 | 140.98 | 37.08 |136.52| 31.03 | 21.35 | 123.27 | 120.89 |126.84)] 34.23 

1883... 23.20 | 123.42 |1 23.18 | 122.04 | 122.27 | 123.90 | 124.68 | 129.17 | 130.20 | 129.70 | 131.56 | 30.50 |128.58| 31.20 | 22.75 | 124.80 | 129.75 |125.00| 26.44 

— 1884 35.35 | 131.70 | 130.44 | 133.58 | 133.04 | 136.41 [136.15 | 141.93 | 142.24 |142.70 |144.88 | 41.44 | 40.43 | 31.42 | 25.78 | 128.10 | 135.82 |131.08| 35.72 

19.96 | 119, 82 | 119.54 | 118.96 | 119.16 | 120.56 | 121.91 | 126.28 | 129.82 |126.76 |131.90 | 28.60 | 30.90| 27.53 | 18.84 |1 20,54 |125.42/122.04] 23.81 

— | 88.37 | 129.45 | 1 28.16 | 131.70 | 132,04 | 134.37 | 131.30 | 134.66 | 130.98 | 135.28 | 132,76 | 29.27'| 29.12| 31.29| 23.28 1811 /12998| 24.80] 30.00 

— 1887. 28.56 |1 27.69 | 127.16 | 28.18 | 127.42 | 120.42 | 126.96 | 129.04 | 124.25 | 130.48 |125.70 | | 21.72 | 23.16 | 25.48 | 22.80] 30.22 26.52 

% 27.31 | 127.87 | 127.06 | 27.13 | 126.22 | 128.13 | 128,92 | 134.12 | 130.44 | 23.59 | 35.48 | 35.46] 31.24 | 3841 | 26.36 | 25.50| 32.00/12472] 20.41 

32.04 | 120.24 | 28.00 | 25.65 | 27.00/ 30.00] 30.50 30.00 |128.45 | 31.19] 28.38 | 30.31 | 30.90! 35.39 | 24.50] 26.54 /135.68/ 33.18] 29.83 

| 1890. 24.09 |122.77 | 22.00 | 26.63 | 24.50) 23.00} 26.00 | 35.02 |132.14| 27.37) 34.14] 3447] 35.10| 40.06 | 20.17| 19.43 [128.17 | 25.24] 27.79 

20.47 |125.99 | 21.00] 26.00] 23.00] 22.50 | 28.36 | 26.04 /129.08 | 24.74 25.33 | 33.78 | 30.27 | 29.57 | 20.52 | 30.50./123.64/| 17.07] 25.94 

28.52 |124.82 | 28.74] 22.59 | 2243] 27.00| 26.26 | 24.91 | 3222] 27.99] 31.43 | 27.28] 29.60) 30.09 | 19.12 | 25.79 |12277| 17.19] 26.04 

23.34 | 123.67 | 29.26 | 26.24] 23.67/ 26.00| 28.68 31.10| 32.00| 25.98 | 32.24 | 35.86 | 33.45; 39.64 | 23.15 | 2220] 27.66/| 2812] 28.46 

31.70 {128.18 | 24.66} 32.01] 20.11 | 34.73 | 33.25) 26.11 | 27.56 | 32.42] 20.02 | 35.58] 33.87 38.53 | 22.52} 28.00] 30.85 | 23.88] 29.61 

1895. 22.30 23.93 | 26.53 | 21.70] 36.10 | 30.36 | 34.89 | 27.29] 36.82/ 31.11 | 33.04] 30.59 | 30.55 | 22.47 | 28.71 |130.20| 26.08) 28.74 

27.19 | 32.14! 25.00] 32.58! 34.57 | 39.47! 23.81 | 27.40} 20.47 | 34.72! 33.00] 20.59! 32.25 | 34.62] 21.50! 25.41 /129.73! 26.40] 20.94 

30.94 | 32.07 | 25.53 | 28.24| 34.01 | 30.59 | 30.32 | 35.38) 27.28 | 28.64| 26.95! 30.03 | 20.53 | 36.16 | 24.51 | 26.30 |126.60| 17.58] 28.93 

27.97 | 27.55 | 22.06 | 30.54 | 18.60 | 21.76 | 27.49/| 34.96 | 32.63 | 27.48] 25.11 | 27.91 | 28.14 34.10] 23.16} 26.85] 27.10 

30.62 | 30.00 | 29.00) 37.23 | 33.46 | 35.39 | 30.12 | 35.74] 32.63 | 39.28] 30.87 |-36.43 | 21.82] 30.68 | 26.53, 19.44 |1!32.73 | 25.79 30. 99 

1900... 28.14 | 30.20 | 29.50) 29.35 | 20.97 | 31.50 | 27.90 | 38.22) 37.83 | 40.62 | 33.47 3232] 18.35 | 30.93 | 27.09 129.53 |134.22) 27.70) 30.16 

1901 26.68 | 25.07 | 26.00 | 29.64| 21.50/ 30.15] 31.81 | 2871 | 3271 | 31.31 | 45.90] 37.19] 18.66 | 27.38 | 22.51 |124.54|130.92| 27.28] 2878 

26.14 | 27.72 | 22.00] 27.13 | 28.20] 31.13] 26.24 | 28.52| 27.26 | 34.99] 28.10) 26.77] 17.90] 26.00/| 21.82 | 26.60/131.16| 28.49] 927.01 

— 1903... ......----..| 28.01 | 30.00 | 30.00] 29.77 | 35.36 | 33.90] 35.69 46.68 | 43.27] 38.51 | 3800) 39.84| 28.21 | 20.04/ 2211) 2287 /131.92| 20.46] 32.92 

24.45 | 23.75 | 25.00 | 2266 | 20.86 | 27.02} 26.98 | 31.30/ 29.43 | 32.47| 3200! 33.24| 31.72| 27.50| 22.97] 25.65 |130.84| 27.42| 97.48 

\ 1905. .-....---.---| 35.77 | 32.67 | 35.00 | 37.76 | 36.16} 42.83 | 33.63 41.00! 32.51] 35.41) 32.50) 28.18| 26.79] 25.81] 2611) 2685 /132.43| 25.76] 32.62 

1906 28.78 | 24.36) 26.00} 26.67 | 27.26 | 29.17] 33.14 | 33.46 | 40.23 | 34.56 | 31.47 37.49| 22.19] 23.71 | 25.08 23.01} 20.11 

if, 1907 23.87 | 23.60 | 21.00] 20.97/ 21.91 | 20.59 | 20.82 | 24.98 23.02 | 30.68 | 29.46| 31.62| 26.50/ 24.42] 23.89 |126.04/135.36| 33.31 | 25.67 

1908... ....-.-----| 31.05 | 27.30 | 24.64 | 24.94] 33.68/ 26.01 | 28.54 | 28.00 | 24.21) 3212] 26.95 | 30.20 24.45 26.06 | 24.55 |126.76/135.96| 33.59 | 28.28 

1909. 33.65 | 27.00 | 29.19 | 24.73 | 29.73] 32.06] 34.64 | 29.50) 35.84] 33.47] 31.56 | 29.27| 20.32] 24.54] 20.98 |122.87/130.12| 27.67| 20.2 

1910. 1811 | 17.00} 1889] 21.25] 19.77 wand 18.59 | 17.14 | 22.00] 28.53 28.86} 30.54 24.25 | 16.55 |118,04 2820] 28.06 | 22.18 

30.30 | 27.00 | 26.61) 28.55 | 21.96 | 26.31 | 28.89 | 29.69) 36.78 | 34.64 41.55 | 37.22 | 29.35 | 29.08! 24.93 [127.17] 46.00/ 35.37/ 31.2 

21.34] 20.75 | 21.85 | 16.97) 19.78 | 20.96| 29.10 | 28.25] 34.07] 20.51 | 30.59| 2451 | 26.43] 20.11 /121.92] 34.29] 28.47| 25.06 

28.69 | 27.64 | 27.91 | 32.43 | 27.57 | 29.36 | 29.65 | 35.59) 31.16 | 30.63 | 29.74] 30.24 | 30.26| 30.49] 26.97 120.40] 40.24] 20.59] 29.92 

30.09 | 24.36 | 25.13 21. 52 | 27.75 | 28.12| 2471 | 33.90; 30.66 | 30.56) 34.34] 29.28 | 30.30] 26.51] 19.54] 21.60] 27.54| 16.24] 26.79 

| 25.60 | 24.00| 26.241 27.73 | 25.56 | 23.87 | 34.45 | 35.05| 34.77| 3293 | 35.24 | 33.73| 2843| 25.43| 17,20] 3420| 26.25 28. 70 
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TaBLE 3.—Annual precipitation in the drainage area of Lake a 1875-1924 (inches) 
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TaBLe 4.—Annual precipitation in the drainage area of Lake Huron, 1875-1924 (inches) 
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M. W. R., March, 1926 (To face p. 106) 


Upper.—The third span of the Big Rock Bridge, about a mile below Franklin, Pa., floating down the Allegheny River on the ice gorge. This is perhaps the 
first time that a whole span of a steel bridge floated down a river on ice. The span traveled 114 miles to a point near Venango. wo spans fell on the main- 
line tracks of the a Railroad five minutes after a street car laden with passengers had passed over the bridge. Photo March 28, 1926, by P. L. 


Mahaffey, Pennsylvania Railroad photographer 


Lower.—The gorge near Venango, Pa., about 24 miles below Franklin. The ice was moving toward the camera, and five minutes later had blocked the tracks. 


Here it was nearly 40 feet thick at times. Its movement was accompanied by terrifying sharp cracks and a grinding roar. Photo by P. L. Mahaffey, Penn- 
sylvania Railroad photographer 
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Upper.—“ Icebergs’ at Franklin, Pa., heaved out upon the banks of the river when the gorge broke, some of them destroying buildings. Photo by P. L. Mahaffey, 
Pennsylvania Railroad phot pher 
Lower.—lIce stranded in back yards in Elk Street, vp momen | Pa., soon after the gorge had gone out. The water fell with such rapidity that floes were left stranded 


upon the — crust of the gorge, which had formed in some places 200 yards from the normal bed of the river, as here. Photo by Pittsburgh Post staff 
photographer 
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THE ALLEGHENY RIVER ICE GORGE, WINTER OF 1926 
By W. 8. Brorzman 
[U. 8. Weather Bureau, Pittsburgh, Pa.] 


The cold weather during the last week in December, 
1925, made considerable ice over the Allegheny River, 
especially at the headwaters. Light rains and high 
temperature during the first week in January caused the 
ice to break up on the 6th and 7th, and during the night 
of the 7th ice was running from the headwaters to the 
mouth of the river at Pittsburgh. 

On the 8th the ice became gorged on a small island 
about 15 miles below Franklin, Pan and 114 miles below 
Brandon, Pa., the river stage being 4 feet at Franklin. 
Ice from the upper river lodged against this gorge, and 
by the morning of the 10th the river channel between 
Brandon and Franklin was filled with ice from shore to 
shore to a depth of from 4 to 9 feet. The river continued 
rising at Franklin, due to backwater, a 9-foot stage being 
reached on the morning of the 10th, and 11.7 feet on the 
morning of the 12th. : A 

Cold weather now set in, the temperature being below 
zero much of the time, and lasted until January 18. 
During this period the river discharge diminished until 
the backwater reading was only 7.6 feot on the morning 
of the 18th. The gorged ice in the channel was frozen 
into a solid mass resting on the river bed. 

The river bed in this stretch of the Allegheny River 


averages about 800 feet in width, but at a point one-half. 


mile below Indian Bend, near the lower end of the orge, 
the river narrows rather abruptly to 350 feet. The 1% is 
very stony; at low “ae only about one-third of it is 
covered with water. These conditions made a favorable 
anchorage for the ice throughout the length of the gorge. 

During the afternoon and night of the 18th, under the 
influence of higher temperatures, the new ice that had 
formed above Franklin during the cold spell began 
moving. The river rose rapidly at Franklin, reaching the 
flood stage, 15 feet, about noon of the 19th, and a crest 
of 20.3 feet by 5a. m.of the 20th. At 6 a.m. of the 
20th the gorged ice a short distance below Franklin _— 
flowing over the original ice pack, piling the ice still higher 
near Brandon and for 6 miles above. The stage at 
Franklin soon dropped to 13.4 feet, with the river full of 
ice, but by 5 p. m. it had again risen to 16 feet, with ice 
still running. At Franklin this was lodging against the 
original gorge. On the morning of the 21st the stage at 
Franklin was 16.8 feet, and the gorge extended from 
Franklin to 14 miles below Brandon. The river channel 
was filled with ice to a depth of 12 to 25 feet, anchored on 
the river bed. 

Cold weather again set in on January 22, and continued 
with only a few brief interruptions and with temperatures 
frequently below zero until February 25. Much new 
ice formed above Franklin, and practically solidified the 
15-mile gorge. 

Rains and warm weather on February 25 and 26 
started another ice movement in the main river, from 
Warren, Pa., to Franklin, and from the principal tribu- 
taries between Franklin and Warren. The small pas- 
sages which had been worn through the large gorge were 
quickly jammed, and the water and floating ice began 
backing up in the vicinity of Franklin. By 9:20 p. m. of 
February 26 the low-lying sections of Franklin were 
inundated, and the top of the ice at the Franklin River 
gage registered 24 feet. At 8 a. m. of February 27 the 
top of the ice stood at 22.1 feet at Franklin, and the gorge 
extended from Brandon to Tionesta Creek, 41 miles. 


The gorge readings at Franklin remained above the 
flood stage until March 5. At 8 a. m. of the 6th the 
water stage at Warren was 2 feet, and at Parkers Land- 
ing, below Franklin, 2.8 feet, while the ice-gorge stage 
at Franklin was 14.5 feet. Estimating from the stages 
above and below Franklin, it is believed that the actual 
depth of water at Franklin on the morning of March 6 
was not more than 2.5 feet. 


On March 20 rains and melting snow started another 
rise. During the night of March 20 the ice at Franklin 
was lifted to the flood stage, and during the next 12 
hours moved downstream about 114 miles, impinging on 
the ice below, leaving the river open at Franklin, but, on 
the following morning, at a stage of 20.6 feet on account 
of backwater from the gorge. This ice movement carried 
out three spans of the Citizens’ Traction Co. bridge at 
Big Rock, about a mile below Franklin, the piers having 
become firmly embedded in the ice. 


Meanwhile ‘the ice above Franklin was sa on & 
small island at the mouth of French Creek and on sand 
bars and shallow flat places between Franklin and Oil 
City, Pa., forming the “Oil City Gorge,” which backed 
the water up to the highest level ever known in Oil City. 
The downtown streets were flooded and much damage 
resulted. This gorge menaced railroad and highway 
bridges near Oil & 


ity and caused much anxiety in Franklin 
lest 1t should break before the Franklin gorge. 


Fortunately for Franklin, during the 22d and the 23d, 
the breaking up of the gorge below Franklin continued, 
large sections of the loWer end at Brandon floating away 
until at 4:00 p. m. on the 23d only 5 miles of the original 
15-mile gorge remained, near Sandy Creek and Indian 
Bend. At 5:40 p. m. of the 23d the last section moved 
out, and the Allegheny Valley was free of a menace 
which had overhung it for 74 days. About one hour 
later the Oil City gorge followed. 


The damage at Oil City was estimated to be about 
$500,000, and at Franklin about $100,000. Much of 
this loss was sustained by the Pennsylvania Railroad Co., 
whose tracks parallel the gorge throughout its length; 
by the local oifcompanies, through flooding of oil wells; 
and by other industries in the low-lying sections. 
Office buildings, stores, and residences were considerably 
damaged. 

Efforts were made by the Pennsylvania Railroad Co. 
and the cities of Franklin and Oil City to remove the 
gorge or cut a channel through it sufficiently large to 
relieve the dangerous situation, by the use of explosives, 
especially of thermite. 

Dr. H. T. Barnes, of McGill University, Montreal, 
Canada, the inventor of thermite, was engaged to con- 
duct the work. He arrived at Oil City on March 3, and 
after a consultation with city and railroad officials 
proceeded to determine “key” locations where the 
thermite might be most effective. He then ordered a 
ton of it, which was shipped from Pittsburgh to Oil City 
that same night. In explaining the action of thermite, 
Doctor Barnes said: “It is nonexplosive and non- 
inflammable. After ignition in the container it generates 
heat at the rate of 5,000 ° F. in 10 seconds, and contact 
with the ice causes an upheaval which is followed by dis- 
integration. The heat is forced into the ice so rapidly 
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that the ice has not time to melt, with the result that 
it explodes. It continues its disintegrating process for a 
pn of 24 hours and weakens the gorge wherever 
aced.”’ 

Z Meanwhile, more than a hundred charges of dynamite 
were placed in the ice by the Pennsylvania Railroad Co., 
at Brandon, where the depth of ice was 12 feet. The 
first charge was set off at 11 a. m., March 4, and the 
dynamiting was continued until March 9, when a channel 
almost a mile long and 100 feet wide had been blown 
through the supposed neck of the gorge. 

The first use of the thermite was at Venango Yards, 
some 6 miles above the dynamiting operations at Bran- 
don on March 4. The 200-pound charge caused a 
heavy explosion, and a spectacular display of fire, smoke, 
and steam, but apparently little melting of the ice. 

Thermite was used almost daily between Brandon and 
Venango until March 9, when, in the words of a Pennsy!l- 
vania News staff reporter, “Movement of the gorge was 
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—e, in the hopelessness of the insurmountable 
t 

On March 20, when the rain and warm weather caused 
the river to back up behind the gorge, as described above, 
Doctor Barnes began using thermite near Brandon. 
The gorge finally yielded, as previously related. 

This is believed to be the frst time thermite has been 
used for the purpose in this country, a matter of his- 
torical interest. 

Cpisione as to the effectiveness of the thermite in 
breaking up the Franklin gorge differ widely. Pennsyl- 
vania Railroad Co. engineers believe that the use of 
thermite at the strategic points was responsible for a 
decided disintegration of the ice, which resulted in the 
final breakup. Others, who were in close contact with 
the use of both dynamite and thermite, are of the opinion 
that the ice would have gone out at the same time from 
natural causes and with no more damage to property if 
neither had been used. 


THOMAS JEFFERSON ON THE CLIMATE OF VIRGINIA 


In 1788 the firm of Prichard & Hall, in Market Street, 
between Front and Second Streets, Philadelphia, pub- 
lished Thomas Jefferson’s ‘‘ Notes on the State of Vir- 

inia.”’ Through the kindness of Dr. H. C. Franken- 

eld we are able to reprint a portion of this fascinating 
old work, the only change in form being the use of the 
modern lower-case ‘‘s.’’ Let Jefferson himself write the 
rest of this introduction: 


The following Notes were written in Virginia in the year 1781, 
and somewhat corrected and enlarged in the winter of 1782, in 
answer to Queries proposed to the Author, by a Foreigner of Dis- 
tinction, then residing among us. The subjects are all treated 
imperfectly; some scarcely touched on. To apologize for this by 
developing the circumstances of the time and place of their com- 

sition, would be to open wounds which have already bled enough. 

o these circumstances some of their imperfections may with truth 
be ascribed; the great mass to the want of information and want of 
talents in the writer. He had a few copies printed, which he gave 
among his friends: and a translation of them has been lately pub- 
lished in France, but with such alterations as the laws of the press 
in that country rendered necessary. They are now offered to the 
public in their original form and language. 

Bi, 4767. 


QUERY VII 


A NOTICE of all that can increase the progress of human 
knowledge? 

Under the latitude of this query, I will presume it not improper 
nor unacceptable to furnish some data for estimating the climate 
of Virginia. Journals of observations on the quantity of rain, and 
degree of heat, being lengthy, confused, and too minute to produce 
general and distinct ideas, j have taken five years’ observations, 
to wit, from 1772 to 1777, made in Williamsburgh and -neighbour- 
hood, have reduced them to an average for every month in the 
year, and stated those averages in the following table, adding an 
analytical view of the winds during the same period. 


Fall of| Least & greatest! WINDS 
rain, | daily heat by 
&e. in Farenheit’s 
linches.| thermometer. | N. |N.E.| E. |8.E.) S. |S. W. Total 
JOR 3.192 | 384% to 44 73 47; 32; 10; 11 78 | 40 46 337 
Feb.-.-. 2.049 41 47% 61 52 24 ll 4 63 | 30 31 276 
March 3.95 48 5446 19 4; 38 28; 4 83 | 29 33 318 
Avril 3. 68 56 6246 35 44) §4 19 9 58 | 18 20 257 
May 2. 871 63 Le 27 36} 62; 23 7 74} 32 2n 281 
June 3.751 | 7114 22 34) 43 3 81 | 25 25 267 
July..... 4.497 | 77 8215 41 44) 75} 15 7 95 | 32 19 328 
August._| 9.153 | 744 81 43 52; 40) 30 9} 103); 27 30 334 
Sept 4.761 | 69 74% 70 60 | 51 18; 10 81 18 37 345 
Octo 3.633 | 61 66146 52 77 | 64 15 6 56 | 23 34 327 
Nov..... 2.617) 4 5314 74 21; 2; 4 q 63 | 35 58 294 
2.877 | 43 64 37; 18; 16; 10 91} 42 56 334 
Total ./47.038 | 8A.M. 4P.M.) 6i1 | 548 | 521 | 223 | 109 | 926 | 351 | 3698 


The rains of every month, (as of January for instance) through 
the whole period of years, were added separately, and an average 
drawn from them. The coolest and warmest point of the same 
day in each year of the period were added separately, and an 
average. of the greatest cold and greatest heat of that day, was 
formed. From the averages of every day in the month, a general 
average for the whole month was formed. The point from which 
the wind blew was observed two or three times in every day. 
These observations, in the month of January for instance, through 
the whole F saat amounted to 337. At 73 of these, the wind was 
from the North; at 47, from the North-east, &c. So that it will 
be easy to see in what proportion each wind usually prevails in 
each month: or, taking the whole year, the total of observations 
through the whole period having been 3698, it will be observed 
that 611 of them were from the North, 558 from the North-east, &c. 

Though by this table it appears we have on an average 47 inches 
of rain annually, which is considerably more than usually falls in 
Europe, yet from the information I have collected, I suppose we 
have a much greater Cg eet of sMnshine here than there. 
Perhaps it will be found there are twice as many cloudy days in 
the middle of Europe, as in the United States of America. 
mention the middie parts of Europe, because my information does 
not extend to its northern or southern parts. 

In an extensive country, it will of course be expected that the 
climate is not the same in all its parts. It is remarkable that, 

roceeding on the same parallel of latitude’ westwardly, the climate 

comes colder in like manner as when you proceed northwardly. 
This continues to be the case till you attain the summit of the 
Alleghaney, which is the highest land between the ocean and the 
Missisipi. From thence, descending in the same latitude to 
the Missisipi, the change reverses; and, if we may believe 
travellers, it becomes warmer there than it is in the same latitude 
on the sea side. Their testimony is strengthened by the vegetables 
and animals which subsjst and multiply there naturally, and do 
not on our sea coast. hus Catalpas grow spontaneously on the 
Missisipi, as far as the latitude of 37° and reeds as far as 38°. 
Perroquets even winter on the Sioto, in the 39th degree of latitude. 
In the summer of 1779, when the thermometer was at 90° at 
Monticello, and 96 at Williamsburgh, it was 110° at Kaskaskia. 
Perhaps the mountain, which overhangs this village on the North 
side, may, e its reflexion, have contributed somewhat to produce 
this heat. he difference of temperature of the air at the sea 
coast, or on Chesapeak bay, and at the Alleghaney, has not been 
ascertained; but cotemporary observations, made at Williams- 
burgh, or in its neighbourhood, and at Monticello, which is on 
the most eastern ridge of mountains, called the South West, where 
they are intersected by the Rivanna, have furnished a ratio by 
which that difference may in some degree be conjectured. These 
observations make the difference between Williamsburgh and the 
nearest mountains, at the position before mentioned, to be on at 
average 6344 degrees of Farenheit’s thermometer. Some allow- 
ance however is to be made for the difference of latitude between 
these two places, the latter being 38° 8’ 17’’ which is 52’ 22 
North of the former. By cotemporary observations of between 
five and six weeks, the averaged and almost unvaried difference 
of the height of mercury in the barometer, at those two places, 
was .784 of an inch, the atmosphere at Monticello being so muc 
the lightest, that is to say, about one-thirtyseventh of its whole 
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weight. It should be observed, however, that the hill of Monti- 
cello is of 500 feet ndicular height above the river which 
washes its base. This position being nearly central between our 
northern and southern boundaries, and between the bay and 
Alleghaney, may be considered as furnishing the best average of 
the temperature of our climate, Williamsburgh is much too near 
the South-eastern corner to give a fair idea of our general tempera- 
ture. 

But a more remarkable difference is in the winds which prevail 
in different parts of the country. The following table exhibits 
a comparative view of the winds prevailing at Williamsburgh, 
and at Monticello. It is formed by reducing nine months observa- 
tions at Monticello to four principal points, to wit, the North-east, 
South-east, South-west, and North-west; these points being per- 
pendicular to, or parallel with our coast, mountains and rivers: 
and by reducing in like manner, an equal number of observations, 
to wit, 421 from the preceding table of winds at Williamsburgh, 
taking them proportionably from every point. 


N.E. | 8. E. | 8. W. | N. W. | Total. 


Williamsburgh. js 127 61 132 101 421 
Monticello. 32 91 126 172 421 


By this it may be seen that the South-west wind ails equally 
at both places; that the North-east is, next to this, the porns 
wind towards the sea coast, and the North-west is the predominant 
wind at the mountains. The difference between these two winds 
to sensation, and in fact, is very great. The North-east is loaded 
with vapour, insomuch, that the salt-makers have found that 
their crystals would not shoot while that blows; it brings a dis- 
tressing chill, is heavy and oppressive to the spirits: the North- 
west is dry, cooling, elastic and animating. The Eastern and 
South-eastern breezes come on generally in the afternoon. They 
have advanced into the country very sensibly within the memory 
of people now living. They formerly did not penetrate far above 
Williamsburgh. They are now frequent at Richmond, and ever 
now and then reach the mountains. They deposit most of the 
moisture however before they get that far. As the lands become 
more cleared, it is probable they will extend still further westward. 

Going out into the open air, in the temperate, and in the 
warm months of the year, we often meet with bodies of warm air, 
which, passing by us in two or three seconds, do not afford time to 
the most sensible thermometer to seize their temperature. Judg- 
ing from my feelings, only, I think they approach the ordinary 
heat of the human body. Some of them perhaps go a little beyond 
it. They are of about 20 or 30 feet diameter horizontally. 
their height we have no experience, but probably they are globular 
volumes wafted or rolled along with the wind. But whence 
taken, where found, or how generated? They are not to be as- 
cribed to voleanoes, because we have none. hey do not happen 
in the winter when the farmers kindle large fires in clearing up 
their grounds. They are not confined to the spring season, when 
we have fires which traverse whole counties consuming the leaves 
which have fallen from the trees. And they are too frequent and 
general to be ascribed to accidental fires. I am persuaded their 
cause must be sought for in the atmosphere itself, to aid us in 
which I know of but these constant circumstances; a dry air; a 
temperature as warm at least as that of the spring or autumn; 
and a moderate current of wind. They are most frequent about 
sun-set; rare in the middle parts of the day; and I do not recollect 

ving ever met with them in the morning. 

The variation in the weight of our atmosphere, as indicated 
by the barometer, is not equal to two inches of mercury. During 
twelve months observation at Williamsburgh, the extremes were 
29, and 30.86 inches, the difference being 1.86 of an inch; and in 
nine months, during which the height of mercury was noted at 
Monticello, the extremes were 28.48 and 29.69 inches, the varia- 
tion being 1.21 of an inch. A gentleman, who has observed his 
barometer many years, assures me it has never varied two inches. 
Cotemporary observations, made at Monticello and Williamsburgh 
proved the variations in the weight of air to be simultaneous and 
corresponding in these two places. 

Our changes from heat to cold, and cold to heat, are very sudden 
and great. The mercury in Farenheit’s thermometer has been 
known to descend from 92° to 47° in thirteen hours. 

It is taken for granted, that the preceding table of average heat 
will not give a false idea on this subject, as it proposes to state only 
the ordinary heat and cold of each month, and not those which are 
extraordinary. At Williamsburgh in August 1766, the mercury 
in Farenheit’s thermometer was at 98° corresponding with 2914 

aumur. At the same eer in January 1780, it was 6° corre- 
sponding with 1134 below 0 of Reaumur. I believe these may 
considered to be nearly the extremes of heat and cold in that 
Part of the country. The latter may most certainly, as, at that 
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time, York river, at York town, was frozen over, so that people 
walked across it; a circumstance which proves it to have been 
colder than the winter of 1740, 1741, usually called the cold winter, 
when York river did not freeze over at that place. In the same 
season of 1780, Chesapeak bay was solid, from its head to the 
mouth of the Patowmac. At Annapolis, where it is 514 miles 
over between the nearest points of land, the ice was from 5 to 7 
inches thick quite across, so that loaded carriages went over on 
it. Those, our extremes of heat and cold, of 6° and 98° were 
indeed very distressing to us, and were thought to ous the extent 
of the human constitution to considerable trial. et a Siberian 
would have considered them as searcely a sensible variation. At 
Jenniseitz in that country, in latitude 58° 27’ we are told, that 
the cold in 1735 sunk the mercury by Farenheit’s scale to 126° 
below nothing; and the inhabitants of the same country use stove 
rooms two or three times a week, in which they stay two hours at 
a time, the atmosphere of which raises the mercury to 135° above 
nothing. Late experiments show that the human body will exist 
in rooms heated to 140° of Reaumur, equal to 347° of Farenheit’s, 
and 135° above boiling water. The hottest point of the 24 hours 
is about four o’clock, P. M. and the dawn of day the coldest. 

The access of frost in autumn, and its recess in the spring, do 
not seem to depend merely on the degree of cold; much less on the 
air’s being at the freezing point. White frosts are frequent when 
the thermometer is at 47° have killed young plants of Indian corn 
at 48° and have been known at 54°. Black frost, and even ice, 
have been produced at 381%4° which is 644° above the freezing 
point. That other circumstances must be combined with the 
cold to produce frost, is evident from this also, that on the higher 
parts of mountains, where it is absolutely colder than in the plains 
on which they stand, frosts do not appear so early by a considerable 
space of time in autumn, and go off sooner in the spring than in 
the plains. I have known frosts so severe as to kill the hiccory 
trees round about Monticello, and yet not injure the tender fruit 
blossoms then in bloom on the top and higher parts of the moun- 
tain; and in the course of 40 years, during which it has been settied, 
there have been but two instances of a general loss of fruit on it; 
while in the cireumjacent country, the fruit have escaped but 
twice in the last seven years. The plants of tobacco, which grow 
from the roots of those which have been cut off in the summer, 
are frequently green here at Christmas. This privilege against 
the frost is undoubtedly combined with the want of dew on the 
mountains. That the dew is very rare on their higher parts, I 
may say with certainty, from 12 years observations, having scarcely 
ever, during that time, seen an unequivocal proof of its existence 
on them at all during summer. Severe frosts in the depth of 
winter prove that the region of dews extends higher in that seascn 
than the tops of the mountains; but certainly, in the summer 
season, the vapours, by the time they attain that height, are 
become so attenuated as not to subside and form a dew wien the 
sun retires. 

The weavil has not yet ascended the high mountains. 

A more satisfactory estimate of our climate to some, may per- 
haps be formed, by noting the plants which a here, subject 
however to be killed by our severest colds. hese are the fig, 
corn appa artichoke, and European walnut. In mild winters, 

ttuce and endive require no shelter; but generally they need a 
slight covering. I do not know that the want of long moss, reed, 
myrtle, swamp laurel, holly and cypress, in the upper country, pro- 
ceeds from a greater degree of cold, nor that they were ever killed 
with any degree of cold in the lower country. The aloe lived in 
wae in the open air through the severe winter of 1779, 

A change in our climate however is taking place very sensibly, 
heats and colds are become much more moderate within the memory 
even of the middle-aged. Snows are less frequent and less deep. 
They do not often lie, below the mountains, more than one, two, 
or three days, and very rarely a week. They are remembered to 
have been formerly frequent, deep, and of long continuance. The 
elderly inform me that the earth used to be covered with snow 
about three months in every year. The rivers, which then seldom 
failed to freeze over in the course of the winter,‘scarcely ever do 
so now. This change has produced an unfortunate fluctuation 
between heat and cold, in the spring of the year, which is very 
fatal to fruits. From the year 1741 to 1769, an interval of twenty- 
eight years, there was no instance of fruit killed by the frost in the 
neighbourhood of Monticello. An intense cold, produced by the 
constant snows, kept the buds locked up till the sun could obtain, 
in the spring of the year, so fixed an ascendancy as to dissolve those 
snows, and protect the buds, during their development, from every 
danger of returning cold. The accumulated snows of the winter 
remaining to be dissolved all together in the spring, produced those 
overflowings of our rivers, so frequent then, and so rare now. 


The answer to QUERY vii then closes with a detailed 
description of the phenomenon of looming as it affected 
distant hills visible from Monticello. 
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NOTES, ABSTRACTS, AND REVIEWS 


TWO SEASONAL RAINFALL FORECASTS FOR CALI- 
FORNIA 


Readers of the Review will recall that in the Novem- 
ber, 1925, issue we published the results of two investiga- 
tions into the possibility of forecasting, on the basis of 
certain summer conditions, what the precipitation in the 
next following rainy season would be over California. 

McEwen presented his computed and observed seasonal 
rainfalls for 7 groups of stations in central and southern 
California, ail found that for each group a negative 
correlation was indicated between summer temperature 
of the surface waters of the Pacific Ocean off the Cali- 
fornia coast and the ensuing season’s rainfall. The 
extent to which the computations of seasonal rainfalls 
have been borne out by the event, during the period 
1916-17 to 1924-25, is most encouraging. It may be 
viewed in the following ways. 

(1) There has been a rough numerical agreement 
between computed and observed values, over 75 per cent 
of the errors being of 2 inches or less. 

(2) There has been agreement between the signs of 
computed and observed departures of precipitation from 
the nine-year normal, about 80 per cent of the time. 

(3) In 56 computed versus observed trends of rainfall 
from one season to the next (7 groups of stations for 8 
seasonal differences), there has been disagreement but 
eight times, indicating agreement in trend in 85 per cent 
of the cases. 

McEwen’s departures for the 1925-26 
season (7 groups of stations) indicated rainfall in excess 
of normal by amounts ranging from 0.4 inch to 1.2 inch 
according to the group. Rainfall records for southern 
California to April 23 show that: The sign of the com- 
puted departure is already borne out by the event; the 
computed excess falls short of the actual excess; the actual 
trend since the 1924-25 season, while it is the reverse of 
the trend which results from considering the computed 
values for 1924-25 and 1925-26, agrees with the trend 
from the observed rainfall of the former season to the 
computed rainfall of the latter. 

Blochman, from a comparison of certain pressure and 
rainfall conditions during summer and early autumn 
with the ensuing season’s rainfall for central and southern 
California, arrived at several conclusions of which the 
following seem most pertinent to quote here: 

(1) It is almost a certainty (better than a 90 per cent probability) 
that when South Pacific Lows enter south of Cape Mendocino in 
either September or October, the ensuing season, especially for 
southern California, will be average to wet. This high percentage 
does not hold good for northern California, but it does for central 
California. 

(2) Assuming 0.21 inch to be an “average” summer rainfall at 
San Diego, the tabulation shows that 19 seasons out of the 21 that 
had average or more than average summer rains preceded average 
to wet seasons in southern California. But * * * when we 
consider only the appreciable summer rains at San Diego due to 
Lows that came in from the Pacific, there are 19 seasons out of 20 
that preceded auerage to wet seasons in southern California. 

In the first week of October, 1925, San Diego experi- 
enced a rainfall of some 3% inches, from a Low that 
appears to have developed close to or over the adjacent 
coast. The total excess of rainfall for the month was 
3.2 inches. Discussing this event in the Berkeley 
Gazette for October 9, 1925, Blochman pointed out its 
prqbable bearing on the coming season’s rainfall, and 
concluded that: “There is no reason why this season 
should be an exception to the rule, especially as it has 
the greatest early rainfall recorded.”’ 

In view of these advance estimates by both McEwen 
and Blochman of what the 1925-26 rainfall season 


would bring forth, the rainfall at five representative 
stations in southern and central California from July 1 
1925, to 7 23, 1926, compared with the nor 
seasonal total, is of interest: 


San Los 
Diego | Angeles Fresno Fran- mento 


Inches | Inches | Inches | Inches | Inches 


15. 56 17.36 9. 28 20. 45 15. 61 
Normal seasonal total to June 30__| - 9.70 15. 62 9. 82 22. 52 18. 56 
—B. M. Varney. 


TORNADO REPORTED FROM NORTHWESTERN OREGON 


It is very rarely that tornadoes occur in the Pacific 
Coast States. Mr. W. J. Kelley, of McMinnville, Oreg., 
has sent to the Weather Bureau a —_ of what appears 
to have been a small tornado that damaged his farm on 
February 19, 1926. The account, together with photo- 
graphs accompanying it, indicates the occurrence of 
winds which were certainly of tornadic violence, which 
felled many trees; the same storm destroyed a large “dry 
house’’-about a mile southwest of Mr. Kelley’s farm. 
It is stated there was no lightning, thunder, nor hail 
with the storm, though it rained heavily for a short time. 
A friend of Mr. Kel ey told him that “there seemed to 
be four or five little whirlwinds in a bunch coming down 
from one big and a black cloud and whirling around 
with great speed.”—B. M. V. 


RELATIONS BETWEEN THE TEMPERATURES, PRES- 
SURES, AND DENSITIES OF GASES 


Under the above title the Bureau of Standards of the 
U.S. Department of Commerce has published its Circular 
No. 279, by Mr. S. F. Pickering, associate chemist of the 
bureau. The author’s abstract follows: 


The attempt has been made, in discussing the relations between 
the temperatures, pressures, volumes, and weights of gases, to 
derive the formulas in a simple manner with the minimum require- 
ments of theoretical knowledge on the part of the reader. The 
experimental data involving high pressures are presented in such 
a form that problems of this nature can be easily solved by intro- 
ducing factors taken directly from the curves. The significance 
of the equations of state of van der Waals, of Dieterici, and of 
Berthelot are discussed, and the manner in which these quotations 
may be used to predict compressibilities is explained in detail. 
Comparisons of the calculated values with the experimental data 
for various gases are shown by means of a series of curves. There 
is included a rather extensive bibliography of the literature per- 
taining to the subjects herein discussed, together with a number 
of tables of conversion factors and equivalents. 


THE EDGE OF THE DOLDRUMS 


C. E. P. Brooks in the Meteorological Magazine for 
March, 1926, presents results of a study of the relation 
between rainfall and wind direction and constancy of 
direction at Malden and Ocean Islands, both of them 
close to the Equator and both under the influence of the 
trade winds. The uniformity of their ocean environ- 
ment would lead one to expect winds of whatever direc- 
tion to be of not greatly differing constitution in respect 
to temperature and Rt humidity, which is inde 
the case of the surface winds. But out of 72 months of 
record (in Reseau Mondial), 32 months in which wind 
directions averaged more than 60° from North and 
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which the constancy ' of the wind was more than 70 
per cent, included only one month with rainfall in excess 
of 100 millimeters; while of the remaining 40 months 
(ha directions within 60° of north) all but one showed 
more than 100 millimeters. 

At Malden Island, the months with north or north- 
east wind had nearly five times as much rainfall as those 
with east and southeast. At Ocean Island, the months 
with resultant winds between 65° and 120° had only 
about one fifth of the rain that months with winds from 
other directions had. 

A very clear relation exists between constancy of 
wind direction and rainfall; the greater the constancy 
during a given month, the less the contemporaneous 
rainfall. us at Malden Island the correlation between 
the two is —0.73; at Ocean Island it is —0.72, which 
becomes —0.76 if a single month which had hea 
rainfall with northeast wind (April, 1919) be excepted. 

Tables are pate showing that the apparent 
dryness of winds from east and southeast is due Saresiy, 
but by no means entirely, to their greater constancy. 
In other words, in this region of the equatorial Pacific, 
conflicting wind directions seem to be the greatest 
source of rain. The existence of these conflicting direc- 
tions may be taken to indicate a zone of eddy motion in 
the atmosphere at the edge of the doldrums.—B. M. V. 


AUSTRALIAN WINDSTORMS 


A discussion on Australian hurricanes and related 
storms, with an appendix on hurricanes in the South 
Pacific, prepared by Mr. Stephen S. Visher of Indiana 
University and Mr. D. Hodge of the Bureau of Meteor- 
ology, Melbourne, has been issued under the direction of 
Mr. H. A. Hunt, Commonwealth meteorologist (Bull. 
No. 16, Bureau of Meteorology, Melbourne). The 
publication has been undertaken that all recorded data 
regarding the occurrence of hurricanes in Australia 
and the surrounding tropical waters might be available 
for the information of mariners and shipping interests 
generally. In Australia the -praewes coast is most 
often affected by hurricanes, In the 34 years 1890-1923 
they averaged one or two a year, coupled annually with 
two or three storms of less severity. Four-fifths of the 
storms occur in the five months December to April, 


‘ and two-thirds of the storms occur in January, February, 


and March. Most of the hurricanes which affect Queens- 
land come from the east; many recurve near the coast 
and pass southward, frequently as far as Brisbane. 
Western Australia has, on the average, rather more 
than one hurricane a year. In the 52 years 1872-1923, 
74 severe tropical cyclones were recorded; some years 
ad as many as three, and one year, 1917, had five. 
Of the less severe types of storm, Western Australia 
has fewer than Queensland. The portion of Western 
Australia which is most frequently damaged by hurricanes 
lies far north of Perth. The hurricanes are most frequent 
in the hotter months. The Northern Territory has 
fewer cyclones than Queensland or Western Australia. 
Attempts have been made to issue long-previous predic- 
tions of hurricanes but no satisfactory result has been 
attained. Maps are given showing the hurricane season 
in different parts of Australia and the movements of the 
urricanes at different seasons of the year. Nature, 
(London), February 20, 1926. 


!“ The resultant direction and ‘constancy’ are computed as follows: Each observation © 


of direction is regarded as a unit vector and the tant direction is obtained by com- 

pounding the unit vectors. The ‘constancy’ is represented by 100 times the ratio of the 

Vector sum of the unit vectors to the number of observations (calms included). Direc- 

tion is specified by the azimuth of the point from which the wind is blowing, and is 
in degrees from north through east.’’ 
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METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, FEBRUARY, 1926 


By Sefior J. B. NAVARRETE 
[E] Salto Observatory, Santiago, Chile] 

February was characterized by a rather stable atmos- 
pheric r e, continuing the hot period in the central 
zone of Chile. During the entire first decade the anti- 
cyclonic center dominated the south, with general fine 
weather, _—_ temperatures and prevailingly southerly 
winds, which were rather heavy between the coasts of 
Chiloe and Arauco Provinces. 

On the 12th, it rained in Chiloe, Haufo, and Raper, 
and on the 13th light rains extended as far at Valdivia, 
the most important fall being 8 millimeters at Cabo 


the 18th and 19th pressure rose in the south; on 
the 20th the center of the high pressure was located off 
Valdivia, and it rained from this point south. On the 
22d the change of weather affected the central zone of 
Chile, with light rains and a smart fall of temperature. 
From the 23d to 25th, pressure rose in the south, 
forming a high pressure center in the interior of the con- 
tinent, with the highest pressure at Neuquen in the 


entine. 

a the later days of the month, 26, 27 and 28, an 
important depression overlay the southern part of the 
continent, causing rains between Malleco and Magal- 
lanes; maximum precipitation was 20 millimeters at 
Cabo Raper. 

At Valdivia, one of the rainiest regions of Chile, only 
fell during February.— Translation by 


METEOROLOGICAL SUMMARY FOR BRAZIL, FEBRU- 
ARY, 1926 


By J. de Sampato Ferraz 

[The Meteorological Office, Rio de Janeiro] 
- Circulation as expressed by the number of H1GHs and 
Lows was slightly weaker in the month of February. 
Four anticyclones visited the country and although their 
tracks continued abnormal as of late, most of them 
affected northern Argentine and Matto Grosso, sending 
cold air to the far north, causing very likely, as we think, 
larger rainfall in those regions. The continental de- 
pression and the migratory Lows of the extreme south 
were less active. 

Rainfall was generally abundant in the north and 
center and below normal in the south with the exception 
Rio de Janeiro State and scattered points. Big floods 
occurred in the San Frandisco River. Rio Grande do 
Sul continued with Groughty conditions, which as ex- 
plained, were caused by smaller activity of low-pressure 
areas and tracks of the anticyclones. 

The weather in Rio de Janeiro was slightly unsettled, 
but with little ram. Temperature continued abnormally 
low, closing the summer season with an exceptionally 
cool month. Southerly winds were prevalent, but 
generally moderate. 

Crops generally did well except in Rio Grande do Sul, 
where they suffered on account of lack-of precipitation. 


DR. DE SAMPAIO FERRAZ 


We regret to learn of the temporary retirement of 
Doctor Ferraz from the Aecctigithin of the Brazilian 
Meteorological Service due to continued ill-health and 
the necessity of refraining from the onerous adminis- 
trative duties of that position for several months or 
longer.—A.J.H. 
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C. Firzaven Tatman, Meteorologist in Charge of Library 


RECENT ADDITIONS 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Behler, Albert. 

Die unperiodischen Temperaturschwankungen von lingerer 
Dauer an der Westseite Europas und der Ostseite Nord- 
Amerikas im Zusammenhang mit der Luftdruckverteilung. 
Hamburg. 1922. 29 p. plates (fold.) 29 cm. (Aus 
der deutschen Seewarte. 40. Jahrg. 1922. 

. 3. 
Bosch y Avilés, Joaquin. 

Determinacién aproximada de la situacién del vértice y de 
la trayectoria de los ciclones. [With mek to p. 
113-117, 8 figs. 27 ecm. (Bol. observ. nac. v. 20, Junio, 
1924.) [Habana.] [Algunas conclusiones del Dr. Julio Jover 
sobre los ciclones tropicales del Este de las Antillas Menores 
y de la parte oriental del Mar Caribe. p. 111-112. 
Bound with same.] 

Boxer, Stanley V. 


Hankow weather guide. Being an analysis of Hankow weather . 


from 1916 to 1925, compiled from readings taken at Griffith 
John College, near Hankow. With a foreword by Dr. 
A. H. Skinner. Hankow. [1926.] 38 p. figs. table 
(fold.) 25% cm. 

Braak, C. 
et klimat van Nederlandsch-Indié. (The climate of the 
Netherlands Indies). Deel 2, aflev. 1. Sumatra. (With 
English summary.) Batavia. 1925. v. p. figs. plates. 
273 cm. 

Brazil, Directoria de meteorologia. 

Instructions and information upon: (I)—Wireless meteoro- 
logical reports of the Brazilian coast. (II)—Rio’s special 
messages including detailed forecasts for the south coast 
of the state of Rio de Janeiro and general forecasts for the 
rest of the southern Brazilian coast up to Buenos Ayres. 
(IIT) —National and foreign ships cooperative meteorological 
service. (I1V)—Specifications of the international codes. 
n.p. 1924. llp. 28cm. 

Calwagen, Ernst G. 

Zur diagnose und prognose lokaler Sommerschauer. Aero- 
logische Flugzeugaufstiege in Ostnorwegen. Oslo. 1926. 
124 oe plates. 31 ecm. (Geofysiske publikationer, v. 3, 
no. 10. 

Coblentz, W. W. 

Frost flowers, the result of exudation of ice from the stems 
of plants. p. 682-684. illus. 30 cm. [Amer. forests & 
forest life, Wash., v. 31, Nov., 1925.] 

Czoernig-Czernhausen, Walther. 

Die Eishéhlen des Landes Salzburg und seiner bayrischen 
Grenzgebirge. Salzburg. 16 p. plates. 23 em. (Son- 
derab.: Mitteil. Gesellsch. Saisivemmne Landeskunde. 64. 
Jahrg. 1924.) 

Dorsey, N. Ernest. 
stroke. p. 87293. 254 cm. (Repr.: Journ. 
ash. acad. sci., v. 16, Feb. 19, 1926.) 
Eredia, Filippo. 

Sul clima continentale delle valli e dici del versante Su- 
danico dell’ Eritrea. 1. Chenafend. Roma. 1925. 15p. 
24cm. (Boll. di inform. econ., 1925, n. 5.) 

Fleming, J. A. 

Magnetic and electric survey of the earth: its physical and 
cosmical bearings and development. p. 109-132. figs. 
254 cm. (Repr.: Journ. Wash. acad. sci., v. 16, no. 5, 
March 4, 1926.) ; 

France. Office national météorologique. 

Extraits des mémoires de Lavoisier concernant la météoro- 
logie et l’aéronautique. Paris. n.d. 229p. illus. plate. 
port. 24% cm. 

Gates, Frank C. 

Evaporation in vegetation at different heights. p. 167-178. 

253 cm. (Amer. journ. bot., v. 13, March, 1926.) 
Ginestous, G. 

Etude climatologique du Golfe de Tunis en vue de I’aéro- 
nautique et de laviation. Tunis. 1925. x, 218 p.- 
figs. 25 cm. 


Gorczyfiski, Ladislas. 
Breve resefia sobre observaciones de radiacién solar y aparatos 
termoeléctricos registradores. Importancia de su estudio 
2 la Reptblica Mexicana. Tacubaya. 1926. 18p. plate. 


cm. 
Great Britain. Meteorological office. 

Meteorological observer’s handbook . . . 1926 edition. Lon- 
don. 1926. viii, 136 p. illus. plates. 244 cm. M.O. 
191. (1926). 

er, P 

a zur Kenntnis der Dammerungs-Erscheinungen und 
des Alpengliihens. II. Historisch-chronologische Ubersicht 
der ausser-schweizerischen Beobachtungen und Veréffent- 
lichungen tiiber Dimmerungen, atmosphirisch-optische Sté- 
rungen und andere damit verwandte Erscheinungen. Zu- 
rich. 1925. viii, 190 p. 323 em. (Denkschr. Schweiz. 
Naturforsch. Gesellsch. Bd. 62, Abh. 1.) 

Hamburg. Deutsche Seewarte. 

Aus dem Arbeitsbereiche der Deutschen Seewarte in Ham- 
burg. Die Férderung des Verkehrs. Hamburg. 1925. 
48 p. figs. plates. 264 cm. 

Hoxmark, Guillermo. 

La evolucién de la meteorologia. Buenos Aires. 1925. 30 p. 
figs. 26cm. (Evolucién de las ciencias en la Repiblica 
Argentina. no. 13.) 

Kassner, Carl. ‘ 

Wolken und Niederschlige. 2e., verb. Aufl. Leipzig. 1926. 

163 p. illus. 18} cm. 
Kessler, Paul. 

Das eiszeitliche Klima und seine geologischen Wirkungen im 

— vereisten Gebiet. Stuttgart. 1925. 210 p._ illus. 
cm. 
Kidson, Edward. 

Some periods in Australian weather. Melbourne. [1925.] 
33 p. figs. 31 cm. (Comm. Australia. Bur. met’y, 
Melbourne. Paper 1, extract from bull. no. 17.) 

Komarnitzky, S. 

Die klimatischen Elemente im Flussgebiet des Dniepr oberhalb 
Kyjiw und seiner einzelnen Gebietsanteile wihrend des 
Zeitraumes 1909-1917. Bearbeitetes Beobachtungsmaterial 
fiir die Zeit 1876-1908 beigegeben. Kyjiw. 1925. 44 p. 
fig. 26 cm. [Résumé in rman.] (Ukrainischer me- 
teorologischer Dienst, Ukrmet. B. 3, lif. 1. Material zur 
geophysikalischen charakteristik der Ukraine.) 

McAdie, Alexander G. 

Man and weather. Cambridge. 1926. 5, 99 p. front. 

plates. 20cm. 
Malsch, Wolfgang. 

Die Schneeverhaltnisse in Baden. Karlsruhe. 1923. 16 p. 

tables (fold.) 26 cm. 
Meinardus, W. 

Uber den Wasserhaushalt der Antarktis. 1. Mitteilung. p. 
184-192. 23% cm. (Nachr. Gesellsch. der Wissensch. 2u. 
Gottingen. ath.-phys. Kl. 1925.) 

Mordoff, R. A. 

Climate of New York state. Ithaca. 1925. 3838p. figs. 23 

em. (Cornell univ. agric. exper. sta. Bull. 444, Oct., 1925.) 
Navarrete, Julio Bustos. 

La radiaci6n solar y las lluvias en la zona central de Chile desde 
1850 hasta 1925. Santiago de Chile. n.d. 2p. diagrs. 
274. cm. 

Penck, Albrecht. 

Glazialgeologische Beobachtungen in den bayerischen Hochal- 
pen. Alte Breccien und junge Krustenbewegungen in dea 
bayerischen Hochalpen. Die Eiszeit in den bayerischen 
Hochalpen. p. 301-371. illus. 25} cm. (Sitzungsber. 
preuss. Akad. der Wissensch. 1925. 17. Sitzung phys.- 
math. Klasse vom 14. Mai. Mitteilung vom 12. Marz.) 

Platania, Giovanni. 

Nozioni de meteorologia e oceanografia ad uso com istituti 
nautici e dei naviganti. Napoli. 1926. xii, 156 p. figs. 
plates. 25} cm. 

Poisson, Ch. 

La pluie a Tananarive. p. 604-607. fig. 32} cm. [Journ. 
off. de Madagascar et dépendances. 40e année. N. 8. 2 
aoat, 1924.] 

Robertson, H. H. 

Robertson ventilation data book. 2nd ed. Pittsburgh. 

[c1925.] 47 p. illus. 28} cm. 
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Schmauss, August. 

Wetterkunde und Landwirtschaft. 2e., neubearb. Aufl. 
Berlin. 1925. 38 p. figs. 23 em. (Landwirtschaftliche 
Hefte. H. 7.) 

Schneiderhan, F. J. 

Apple disease studies in northern Virginia. Blacksburg. 
1926. 35 p. illus. 23 cm. (Va. polytech. inst. Va. 
agric. exper. sta. Bull. 245. Feb., 1926.) [Weather, p. 
23-28.) 

Semerad, A. 
Konstanty aneroidu. (Les constantes de l’anéroide holos- 
térique.) Brné. n.d. 7p. figs. 30} cm. 
Shoji, & Toriyama, Yotsuo. 
ect of atmospheric humidity on the dielectric losses and 
power factors in fibrous insulating materials. Tokyo. 
1926. p. 283-323. figs. 26 ecm. (Sci. papers Inst. phys. 
& chem. research no. 45. v. 3, Jan., 1926.) 
Shaw, Napier. 
Physical structure of the atmosphere r ed from the 
ynamical point of view. Delft. 1925. 12 Ae figs. 
— 27 cm. (Proc. internat. cong. appli mech. 
lft (Holland) 22nd-28th Apr., 1924.) (Reprint.) 
Sifontes, Ernesto. 
régimen de la lluvia en Venezuela afios de 1923 y 1924. 
Caracas. 1925. 14p. 223 cm. 
Simpson, G. C. 

Climatic changes. p. 129-141. 26 em. [Nineteenth cen- 

tury, London. v. 99, Jan., 1926.] 

Stenquist, David. 
tude des courants telluriques. Stockholm. 1925. 79 p. 
figs. 31} cm. 

Stenz, Edward. 

O teorji aktynometru i o pomiarach gérskich mieniowania 
slonecznego. Sur la théorie de l’actinométre et sur les 
mesures de la radiation solaire dans les montagnes. Lwéw. 
1925. p. 462-479. figs. 24 cm. (Extr.: ‘‘ Kosmos” 
Journ. soc. Polonaise natur. ‘“‘Kopernik.’”’ v. 50, fase. 2-3. 
A. 1925.) [Résumé in French.] 

Stenz, E[dward] & Orkisz, H. 

postrzeZenia pyrheliometryczne w Karpatach Wschodnich w 
lecie 1924 r. Observations pyrhéliométriques faites dans les 
Carpathes Orientales durant 1’é6té de l’année 1924. Lwéw. 
1925. p. 421-461. illus. 24 cm. (Extr.: “Kosmos” 
journ. soc. Polonaise natur. “‘Kopernik.’”’ v. 50, fasc. 2-3. 
A. 1925.) [Résumé in French.) 

Stérmer, Carl. 

Les aurores boréales (in Société sign de physique. Le 
livre du cinquantenaire de la... Paris. 1925. p. 127- 
143. figs. plates.) 

Washington forest fire association. 

Kighteenth annual report. 1925. Seattle. n. d. 34 p. 
illus. 23} em. [Fire weather forecasts, p. 12. Weather 
conditions, 23.] 

Western society of engineers. 

Report on effects of tornado of March 18, 1925. Also sug- 
gestions in regard to design of structures. By the officers 
of bridge and structural section Western yrs of engineers. 

. 373-396. illus. 23 cm. (Journ. of the West. soc. eng. 

_ Tech. papers. v. 30, Sept., 1925.) 

Westinghouse electric & manufacturing co. 
Autovalve lightning arrester. East Pittsburgh. n.d. 15 p. 


Untersuch bei Fl ufsti Ber- 

ektrische Untersuchungen Ze stiegen. 

lin. 1925. 52 p. illus. 253 oo "(Fortschritte der 
und physikalischen Chemie. Bd. 18, H. 
e 


RECENT PAPERS BEARING ON METEOROLOGY 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of popes and other communications bearing on 
Meteorology and cognate branches of science. This is 
hot a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
1 connection with the work of the Weather Bureau. 
Atronautique, Paris. 8. année. Février 1926. 


Lindholm, F. La précision de la mesure des records d’altitude. 
p. 75-78. 
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American society. Bulletin. Worcester, Mass. v. 6. 
December, 1926. 

France, James G. Seasonal forecasting and its value to the 
agriculturist in San Diego County. p. 180-181. [Abstract.]} 

Rowe, Edgar Alan. The value of long range rainfall forecast- 
ing to irrigation and water supply projects in Southern 
California from an engin g standpoint. p. 180. 
[Abstract.] 

Wilstam, A. Application of the Scripps institution’s seasonal 
forecasts of rainfall from ocean temperatures to forecasting 
seasonal water power supply for the hydro-electric plants 
of the Southern California Edison company. p. 179. 
[Abstract. 

Annalen der Hydrographie und maritimen Meteorologie. Berlin. 

Meissner, Otto. Der jihriiche Gang des Wasserstandes der 
Ostsee. p. 190-191. (52. Jahrg. August 1924); p. 29-30. 
(53. Jahrg. Januar 1925); p. 258-261. (August 1925); 
p. 388-396. (Dezember 1925.) 

Brandt. Eigenartige Isolinien. p. 402-403. (53. Jahrg. 
Dezember 1925.) 

Liibbe, Hermann. Grdésse und jihrliche Schwankung des 
Luftdruckgradienten in Deutschland. p. 379-388. (53. 
Jahrg. Dezember 1925.) 

Castens, Gerhard. Wiistenwinde, Kaltwasser-Auftrieb und 
Nautik. p. 22-25. (54. Jahrg. Januar 1926.) 

Schuster, F. Mond und Wetter. p. 19-22. (54. Jahrg. 
Januar 1926.) 

Astronomie. Paris. 40.an. Février 1926. 

Tombelle, F. dela. Coloration vert émeraude de l’atmosphére 
au lever du soleil. p. 90-91. 

Astrophysical journal. Chicago. v. 63. March 1926. 

Adams, Walter S., & St. John, Charles E. An attempt to 
detect water-vapor and oxygen lines in the spectrum of 
Mars with the registering microphotometer. p. 133-—137. 

Ceylon journal of science. Section E. Colombo. v.1, pi.1. Janu- 

1926. 

amford, A. J. Cyclonic movements in Ceylon. p. 15-37. 

Jameson, H. The heavy rains over Ceylon of September 
29th-30th, 1924. p. 39-47. 

Engineering news-record. New York. wv. 96. March 25, 1926. 

gee berg on terminal tracks of Illinois Central R. R. 


Farm Predessen3 Philadelphia. v.50. April, 1926. 
Hurd, Willis Edwin. Fog. &; 110. 
— Académie des sciences. Comptes rendus. Paris, t. 182. 
Cotton, A. Une observation d’une aurore boréale le 9 mars. 
p. 671. (15 mars.) 
Deslandres, H. Aurore boréale et urbation magnétique 
1926 l’observatoire de Meudon. p. 669-671. 
mars. 
Besson, Louis. Infiuence de la température d’un mois sur 
celle du mois suivant. p. 796-798. (22 mars.) 
Platrier, Charles. Vents périodiques et rafales critiques pour 
la flexion des pylénes haubanés. as 763-765. (22 mars.) 
Franklin institute. Journal. Philadelphia. v. 201. April, 1926. 
Dorsey, N. Ernest. p. 485-496. 
Geografiska annaler. Stockholm. Arg.7. H. 4. 1926. 
Angstrom, Anders. The albedo of various surfaces of ground. 


p. 4 
Geographical review. New York. v. 16. April, 1926. 


p. 1-17. 
Rouch, J. Orages et tempétes dans Chateaubriand. p. 70-74. 
Erdkunde zu Berlin. Zeitschrift. Berlin. 1926. 
no. 


Hemel en dampkring. Den Haag. 24 jaargang. Maart 1926. 
ee G. Temperatuuruitersten in de bovenlucht. 
Colmmamboner, H. G. De toestand van den dampkring boven 

Soesterberg in Januari 1926. p. 83-86. 
Pinkhof, M. De halo van 23 December 1925. p. 86-90. 

Idéjérés. Budapest. v.30. Janudr—februdr 1926. 

—_, - von. Tropenklima und Tropenkrankheiten. 


Inland printer, Chicago. v.77. April, 1926. 
Air-conditioning a plant for colorwork. p. 91-93. 
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Institut hydrologique de Russie. Bulletin. Leningrad. No. 14. 
1926. 

Aderkas, O. Die Verdunstung gemessen durch verschieden 
aufgestellte Verdunstungsmesser. p. 60-76. [Russian text. 
French abstract.] 

Moltchanov,I. Sur la structure de la glace des lacs suivant les 
conditions météorologiques. p. 31-51. [Russian text. 
French abstract.] 

Wiese, W. Die Bedeutung der Eisverhialtnisse im Friihling im 
Grénlandischen Meere und des Ost-Islindischen Polar- 
stromes fiir die Temperaturverhiltnisse des nachfolgenden 
Winters in Europa. p. 52-59. [Russian text. French 
abstract.] 


Journal of scientific instruments. London. v.3. March, 1926. 
Paris, E. T. On apparatus for investigating the strength of 
fog-signals. p. 187-198. 
Marine observer. London. v. 3. April, 1926. 
Bonner, C.G. Weather reports and forecasts and their aid in 
ship salvage operations. p. 60-61. 
Pees, J. ireless and weather in the North Pacific. p. 
2 


Tendency of wind to change with the tide in the North Chan- 
nel. p. 59-60. 


Matériaux pour l'étude des calamités, Geneve. Année 2. Octobre- 
décembre 1925. 
- Hervé, Francois. Les cyclones aux Tuamotou. p. 278. 
[Abstract.] 
Viczian, Edouard de. Les inondations en Hongrie. p. 
218-239. 


Meteorological magazine. London. v.61. March, 1926. 

sary § The structure of fronts. p. 32-33. 

Birooks], .E.P. The edge of the doldrums. p. 41-44. 

Q., ee Kamaran Island. A desert island in the Red Sea. 
p. ‘ 
Twist, T. F. Wind and tide. p. 39-40. 
Walker, Gilbert. Some recent papers by W. Wiese. p. 29-32. 
Meteorologische Zeitschrift. Braunschweig. Band 43. 1926. 

Baur, Franz. und Vorhersage des Niederschlag- 
charakters des Juli in Deutschland. p. 1-11. (Januar.) 

Bjerknes, J. Weitere Bemerkung in der Frage der Be- 
schleunigungen an atmosphirischen Diskontinuitatsflichen. 
p. 24-26. (Januar.) 

Exner, F. M. Zu Defants Theorie der Schwingungen einer 
geschichteten Atmosphire. p. 19-21. (Januar.) 

Fényi, Julius. Beobachtungen des Sonnenscheins in den 
Jahren 1898 bis 1913 in Kalocsa. p. 15-18. (Januar.) 

Hellman, G. Uber die Calina. p.32. (Januar.) 

Johansson, Osc. V. Verschiedene Bemerkungen iiber Tem- 
peraturstérungen. p. 26-29. (Januar.) 

K., W. Barometrische Héhenberechnung nach benachbar- 
ten Punkten. p. 34. (Januar.) 

K., W. Kugelblitze und Féhn in der Krim. . p. 33. (Januar.) 

Kassner, C. Die fdlteste Darstellung eines Cumulus iiber 
einem Feuer. 33. (Januar.) 

Kélzer, Joseph. ie Schallausbreitung in der Atmosphare und 
die dussere Hérbarkeitzone. p. 21-24. (Januar.) 

Linke, Franz. Die Ubertemperatur einer frei aufgestellten 

 gschwarzen Kugel. p. 11-15. (Januar.) 

Schostakowitsch, W. B. Der jahrliche und tagliche Gang 
der Wolkenformen in Irkutsk. p. 29-32. (Januar.) 

Conrad, V. Die Christmas-Insel. p. 41-48. (Februar.) 

Defant, A. Wellen im Luftmeer. p. 49-54. (Februar.) 

Edlund, O. Uber die Beziehung zwischen Windgeschwindig- 
keit und Temperaturanpassungskoeffizienten bei einem 
Quecksilberthermometer. p. 62-66. (Februar.) 

Ficker, H. v. Haufigkeit von Temperaturdifferenzen be- 
stimmter Grésse zwischen Alpen und Norddeutschland in 
den Héhen von 1000 und 3000 m. ts 58-62. (Februar.) 

Groissmayr, F. Temperaturgang und Hydrometeore: Kor- 
relationen. p. 70-73. (Februar.) 

Hess, Wilhelm. Meteorologiegeschichtliches aus Bamberg. 
p. 73-75. (Februar.) 

Uber Dampfspannungsformeln. p. 67-69. 

ebruar. 

Kukaloff, A.. & Witkewitsch, W. Uber die Wirkungsmit- 
telpunkte (Aktionszentren) der Atmosphire. p. 54-58. 
(Februar.) 

Miller, Philipp. Das Stehenbleiben von Registrier-Uhren in 
der Kilte. p. 66-67. (Februar.) 

Aufsess, Otto Frhr. von und zu. Einwirkungen der Son- 
nentatigkeit auf die Luftdruckverhaltnisse tiber Mit- 
teleuropa im Jahre 1925. p. 108-110. (Mirz.) 

Georgii, Walter. Messungen der Intensitit der Sonnen- 
strahlung tiber dem Nordatlantischen Ozean und im 
Karibischen Meer. p. 97-101. (Méarz.) 
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Meteorologische Zeitschrift. Band 48. 1926.—Con. 
Lindermann, F. A., & Dobson, G. M. B. Die Temperatur der 
obersten Atmos harenschichten. p. 102-104. (Mirz.) 
Loewe, F. Die Niederschlagsverhiltnisse von Madagaskar. 

p. 107-108. (Marz.) 

Peppler, W. Die interdiurne Verinderlichkeit der Temperatur 
in den unteren Schichten der freien Atmosphire. p. 101- 
102. (Marz.) 

Schmauss, A. Gegen die langfristigen Wetterprognosen. 
p. 106-107. 

Wegener, Alfred. essungen der Sonnenstrahlung am 
Sanatorium Stolzalpe. p. 104-106. (Miarz.) 

Wiechert, E. Uber die Schallausbreitung in der Atmosphire. 
p. 81-91. (Miarz.) 

Witkiewitsch, W. J. Uber die Zonen der Hérbarkeit von 
Explosionswellen. p. 91-96. (Mirz.) 

Nature. ndon. v. 117. 1926. 

Eckersley, T. L. The constitution of the Heaviside layer. 
p. 380-381. (March 13.) 

The electrical state of the upper atmosphere. p. 385-386. 
(March 13.) 

Clark, J. Edmund. International phenology. p. 413-414. 
(March 20.) 

Harding, Charles. Seasonal sunshine in Great Britain. p. 
422-423. (March 20. 

Armstrong, Henry E. Ozone and the upper atmosphere. p. 
452. (March 27.) 

Bonacina, L. C. W. Greenland or polar front? p. 451-452. 
(March 27.) 

Chapman, S., & Jackson, Henry. The electrical state of the 
upper atmosphere. EP 454-456. (March 27.) 

Reid, G. Archdall. eather prediction from observation of 
cloudlets. (March 27.) 

Nature. Paris. 54. année. 1926. 

Rudaux, Lucien. Remarquable couronne lunaire. p. 15-16. 
(2 janvier.) 

T., A. Les rayons ultra-pénétrants dans _ 1’atmosphére 
terrestre. p.4-5. (2 janvier.) 

Les sondages aérologiques. Le gonflement automatique des 
ballons-pilotes et des ballons-sondes. p. 191-192. (20 


mars.) 
Physikalische Zeitschrift. Leipzig. 27. Jahrgang. 1926. 
Holtzmann, Mark. Eine Dunkelfeldmethode . fiir Unter- 
suchungen der Kondensationsbedingungen des Wasser- 
ae auf einer abgekiihlten Fliche. p. 114-115. (no. 


u. 5. 

Hess, Victor F. Uber den Ursprung der Héhenstrahlung. p. 
159-164. (no. 6.) 
Popular astronomy. Northfield, Minn. v.34. April, 1926. 
wn a, M. The shadow bands during totality. p. 
ae Ultra-violet solar radiation and its variations. 
p. 241-242. 
Royal meteorolegical society. Quarterly journal. London. v. 52. 

anuary, 1926. 

Abbot, C. G. Measuring sun rays. p. 1-6. 

J On the dynamics of geostrophic winds. 
p. 85-104. 

Margary, Ivan D. The Marsham phenological record in 
Norfolk, 1736-1925, and some others. p. 27-54. 

Mr. J. Y. Buchanan, M. A., F. R.S. p. 121. 

Newton, H. W. Wolf’s sunspot numbers. p. 115-117. 

Pick, William H. Wind direction and velocity and day hori- 
zontal visibility at Cranwell, Lincolnshire, during the 
a ist April, 1920, to 30th September, 1925. p. 117- 


Russell, Spencer. Note on halo frequency and the succeeding 
coqeeeneee of precipitation in London. 1918-1924. p. 118- 


Silvester, Norman L. Notes on the behaviour of certain 
plants in relation to the weather. p. 15-24. 

Stevens, Catharine O. Note on variations in transparency 
of the 7 eames by means of a projected image of the 
sun. p. 7-14. 

meres D. Experiments on the shielding of raingauges. 


p. 
Walker, Sir Gilbert. On correlation coefficients, their calcula- 
tion use. p. 73-84. 


A week of 105-108. 
Royal society of n. Proceedings. London. ser. A. v. 110. 
arch, 1926. 


Smith-Rose, R. L., & Barfield, R.H. Aninvestigation of wire 
less waves arriving from the upper atmosphere. p. 580-614. 
Science. New York. v.63. April 2, 1926. 
Livingston, Burton E., & Wilson, J. Dean. A black collodion 
coating for atmometer spheres. p. 362-363. 
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Scientific American. New York. v. 8%. April, 1926. 
ine, Leon Augustus. The mythological rain-tree. p. 
Scientific monthly. New York. v. 22. April, 1926. 
be 3 David. Some cold waves of geologic history. p. 359- 
Terrestrial magnetism & atmospheric electricity. Baltimore. v. 30. 
December, 1926. 


Bauer, Louis A., & Duvall, C. R. Studies concerning the rela- 


tion between the activity of the sun and of the earth’s mag- 
netism. p. 191-213. 
Washington academy of sciences. Journal. Baltimore, Md. ». 16. 
March 19, 1926. 
Dellinger, J. H. Application of radio transmission phenomena 
to the problems of atmospheric electricity. p. 162-167. 
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Weltall. Berlin. 26. Jahrgang. Januar 1926. 
Martell, P. Das Klima von Berlin. p. 49-57. 
Wiedemann, Eilhard. Ueber alte Beobachtungen des. Zodia- 
kallichts und der Dammerung. p. 58-59. 
Wetter. Berlin. 42. Jahrgang. November 1926. 
Aufsesz, Otto Frhr. v. u. z. Zusammenhang zwischen Luft- 
druckverteilung und Sonnenrotation. p. 263-270. 
Defant, A. Witterungsperioden. p. 257-263. 
Meissner, Otto. Weitere Bemerkung uber die Zuverlissig- 
keit langfristiger Wettervoraussagen. p. 272-273. 


SOLAR OBSERVATIONS 
SOLAR AND SKY RADIATION MEASUREMENTS DURING MARCH, 1926 
By Hersert H. Kimpatt, Solar Radiation Investigations 


For a description of instruments and exposures and an 
account of the method of obtaining and reducing the 
measurements, the reader is referred to the Review for 
senuary, 1924, 52:42, January, 1925, 53:29, and July, 
1925, 53: 318. 

From Table 1 it is seen that solar radiation intensities 
averaged above March normals at all three stations. At 
Washington, a noon reading of 1.53 gr. cal./min./em,? on 
the 5th, is 344 per cent higher than any intensity hereto- 
fore measured at that station in March, and 134 per cent 
higher than the maximum that has been measured in any 
month. 

Table 2 shows that the total solar and sky radiation 
received on a horizontal surface averaged above the 
March normal at all three stations, and decidedly above 
at Washington and Madison. 

Skylight polarization measurements were not made at 

adison on account of the presence of snow on the 
ground during nearly the entire month. At Washington, 
measurements made on six days give a mean of 61 per 
cent with a maximum of 66 per cent on the 5th. These 
are above the average March values for Washington. 


TaBLEe 1.—Solar radiation éntensities during March, 1926 


{Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 

8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date meth Air mass Local 
mer. mean 
solar 
A.M. P.M time 
e. | 5.0 | 40 | 30 | 20/110] 20 | 30] 50] 
Mar mm. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
110 1.35) 1.66| 1.35) 1.10} 0.96, 0.9i| 1.19 
17.........| 236|......| 079 1.13) 1. 54) 1.23 2.16 
4.37| 0.75) 0.86] 1.04) 1.20 4.57 
4, 57| 0.71; 0.92 1.08| 1.25) 1.48 1.27] 1.05 3.99 
0.77| 0.89 6. 76 
3.81} 0.63} 0.77} 0.95 1. 08) 1.21 2. 62 
4.37 0. 88 1.00 3. 45 

0.70) 0.80) 0,96) 1.17) 1.46] 1,28/(1.08)| (0. 96)| (0, 91 


Tase 1.—Solar radiation intensities during March, 1926—Contd. 


Madison, Wis. 
Sun’s zenith distance 

a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date 78th Air mass Local 
mer. solar 

time rs 

A.M P.M. time 

e 5.0 | 40 | 3.0 | 2.0 |110] 20 | 3.0 | 40 | 50] e 

mm. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
1.10} 1.24) 1.40) 1.58] 1.42) 3.15 
29... 2.74 2.74 
Means... (1.02)} 1.10] 1.14) 1.39) 1.53) 
Departures_.... +0, —0 +-0, 08/-4-0, 05)... 

Lincoln, Neb. 

2.16} 1. 1.13} 1.32} 1.47] 1.64) 1.43} 1.27) 1.12) 0.99) 1.68 
L 0.81} 0.90} 1.07) 1.24) 1.35) 1.35) 1.10] 1.01) 0.92) 262 
8 1. 96) 1.10} 1.19] 1.30)...._- 2. 74 
3.30} 0.95) 1.10) 1.24) 1.39) 1.57| 1.38) 1.21] 1.07) 0.96) 495 
245) 085) O93 LOS) 7.57 
0. 82}...... 1.29} 1.06) 3. 81 
26 1.58} 1.37] 1.22} 1.08} 0.97] 1.78 
1.49} 1.27] 1.07 0.84) 1.88 
Means. 0.91) 1.01) 1.12) 1.25) 1.51) 1.36) 1.16) 1,02, 0.94)...__. 
Departures. 06 +0, 04 40, 071-40, 07/40, 08|+0. 


TaBLe 2.—Solar and sky radiation received on a horizontal surface 
{Gram-calories per square centimeter of horizontal surface] 


Average daily radiation Se 
Week beginning— 
Wash- | Madi-| Lin- Chi- | New || Wash- | Madi-| Lin- 
ington | son coln | cago | York |/ington| son coln 
1 cal, cal, cal. cal. cal. cal, cal, 
348 350 418 112 214 +60 +86 | +80 
350 288 301 115 207 +2 —59 
382 375 382 134 248 +49 +72 —3 
DP kkcwivnminnnsied 382 261 432 154 246 +16 —59 +15 
351 329 421 269 —12 —7 
Deficiency since first of year on Apr. 1.........-.---.-.-.-.-- 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The unusually stormy weather of the last five months 
continued during March over the greater part of the 
North Atlantic. The maximum number of days with 
winds of gale force occurred in the 5-degree square 
between the fortieth and forty-fifth parallels and the 
fortieth and forty-fifth meridians, where they were re- 
ported on nine days. Very unfavorable conditions also 
existed over a large portion of the region between the 
Azores and Bermudas, and along the American coast, 
between Nantucket and Florida. In the former region 

ales were reported on from four to five days, and in the 
atter, from six to seven days. The frequency of gales 
over the middle section of the steamer lanes was appar- 
ently not far from the normal as shown on the Pilot 
Chart, while over the section east of the twentieth 
meridian, the winds were comparatively moderate. 

The number of days with fog was considerably less 
than usual over the Grand Banks, the steamer lanes and 
off the British coast; they were about normal off the 
American coast, and considerably above in the Gulf of 
Mexico, where fog was observed on four days. 

TABLE 1.—Averages, departures, and extremes of atmospheric 


pressures at sea level, 8 a. m. (seventy-fifth meridian), North 
Atlantic Ocean, March, 1926 


Average | Depar- 
Stations pressure | ture! | Highest | Date | Lowest | Date 
Inches Inch Inches I 

St. Johns, Newfoundland. 29. 72 —0.13 30.24 | 2d ?__... 29.18 | 26th.2 
Nantucket...........-..-. 29. 92 —0. 08 30. 54 | 6th...... 29.22 | 24th. 
| 30. 04 +0. 01 30. 56 |_..do_. 29.48 | 26th. 
30. 08 +0. 05 30.26 | 15th 29. 82 | 26th. 
Swan Island_............. 99 —0. 06 30. 04 | 8th__.... 29.74 | 26th. 
New Orleans. 30. 10 +0. 07 30.38 | 14th....- 29.56 | 30th. 
,. |” Ra 30. 08 +0. 06 30.18 | 6th? 29.92 | 24th. 
30. 09 +0. 06 30.46 | Ist_....- 29.48 | 12th. 
Horta, Azores............. 30. 14 +0. 02 30. 66 | 4th__..« 29. 22 | 3ist. 
Lerwick, Shetland Islands 29.77 +0. 07 30. 50 | 20th. 28.95 | 29th. 
Valencia, Ireland......... 30. 09 4-0. 19 30.66 | Lith....- 29. 43 | 28th. 
30. 07 +0. 11 30. 54 | Ist.....- 29.44 | 27th. 


1 From normals shown on H. O. Pilot Chart, based on observations at Greenwich 
mean noon, or 7 a. m., 75th meridian. 
? And on other dates. 

While the average pressure for the month at Horta 
was nearly normal, the average for the first decade was 
30.40 inches, the second 30.12 inches, and for the last 11 
deve 29.89 inches. 

rom the ist to 3d there was a depression off the south 
coast of Iceland and moderate westerly to southwesterly 
gales prevailed over the middle and eastern sections of 
the steamer lanes. On the 4th the center of this disturb- 
ance was near the north coast of Scotland; land stations 
on the British Isles, as well as vessels in the vicinity, 
reported westerly gales, while on the 3d and 4th the con- 
ditions in mid-ocean were about the same as on the first 
two days of the month. 

On the 2d, New York was near the center of a Low 
that moved northeastward along the coast, and on the 
4th the center was in the vicinity of St. Johns, New- 
foundland, while on the 3d and 4th northwesterly gales 
occurred in the southwesterly quadrants. 

On the 5th and 6th comparatively quiet weather was 
the rule over the ocean except that on the latter date 
there was a area of unusually high pressure central near 
Norfolk, with a crest of 30.62 inches, and vessels in the 
vicinity of the Bermudas reported northerly winds of 
gale force, accompanied by barometric readings of from 
30.20 to 30.26 inches. During the next 24 hours the 
a in this ~— fell rapidly, and on the 7th the 

arometer at Norfolk read 29.92 inches. The anti- 


cyclonic storm area of the 6th was now central near 40° 


N., 53° W., where northeasterly winds, force 8, prevailed, 
with barometric readings of over 30.20 inches. 

On the 8th, the center of a well-developed Low was 
near Father Point and strong gales prevailed between the 
thirtieth and fiftieth parallels, west of the sixtieth merid- 
ian. On this date there was also a disturbance of less 
extent and intensity off the west coast of Ireland. 

By the 9th the western Low was over the Gulf of St. 
Lawrence, and a number of vessels in the southwestern 
section of the ocean encountered moderate gales, while 
conditions over the British Isles had changed but little 
since the previous day. The western disturbance a 
parently curved sharply southward, as on the 10th the 
center was near 40° nN. 55° W., and vessels between the 
thirtieth and forty-fifth parallels and fiftieth and seven- 
tieth meridians encountered gales, although a number of 
ships in the same region experienced moderate weather. 
This Low developed into a very severe and protracted 
disturbance, as shown on Charts VIII to XIII that cover 
the period from the 11th to 16th, inclusive. These charts 
also show the disturbance along the American coast 
that reached its maximum force on the 14th, 

By the 17th the main disturbance had contracted 
slightly in extent, although strong gales still prevailed over 
the steamer lanes between the twenty-fifth and fiftieth 
meridians, and moderate gales in the vicinity of Hatteras. 

From the 19th to 2ist there was a secondary LOW 
over the region between the Azores and the forty-fifth 
meridian, surrounded by a well-defined storm area. On 
the 19th and 20th stormy weather was also encountered 
over the middle section of the steamer lanes, which by 
the 21st had moderated considerably. 

From the 22d to 25th a period of favorable weather 
ensued over practically the entire ocean, although on 
the former date the Belgian steamship Carlier, as shown 
in storm report, reported a northerly wind, force 9, in 
the region between the Bermudas and Nantucket, 
although other vessels in the vicinity encountered only 
moderate weather. 

On the 25th there was a deep depression over the Gulf 
of St. Lawrence, surrounded by comparatively light winds. 

On the 26th Hatteras was near the center of a Low 
that moved northeastward the coast, and on the 
27th was in the vicinity of Newfoundland, where it 
remained nearly stationary during the remainder of the 
month. Comparatively moderate weather prevailed 
along the American coast during this period, although on 
the 29th moderate to strong westerly age eccurred over 
a limited area between the thirty-fifth and forty-fifth 
parallels and fiftieth and sixtieth meridians. By the 
30th this storm had increased both in extent and intensity 
and westerly to northwesterly winds of hurricane force 
were encountered over the steamer lanes between the 
thirtieth and forty-fifth parallels and fortieth and sixtieth 
meridians. 

On the 26th and 27th there was a Low of limited extent 
over the middle section of the steamer lanes, accompanied 
by moderate gales in the westerly and southerly quad- 
rants. 

On the 30th there was a depression central near 
47° N., 27° W., that afterwards developed into a very 
severe disturbance that moved slowly eastward, reaching 
the British coast early in April. By the 31st this Low 
had moved but little, but had increased in intensity, 
with minimum barometric readings of 28.50 inches, the 
storm area covering the greater part of the region between 
the thirtieth and sixtieth parallels and the twentieth and 
sixtieth meridians. 
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OCEAN GALES AND STORMS, MARCH, 1926 
oyage Position at time of Diree- | Direction | Direc- 
vi lowest barometer Time of Low- tion of and force tion of Hi Shifts of wind 
Vessel Gale lowest Gale est wind of wind wind force of near time of 
began barometer barom-| when at time when | wind and est bexometer 
Fro: To~ Lati- Longi- eter | gale | oflowest | gale | direction 
a tude e began | barometer | ended 
NORTH ATLANTIC 
Minchen, Ger. 8. S..... New York.._| Queenstown | 42 30N./ 43 30 W. | Ist__... 4p., Ist....| 2d.....- 30.03 | SSE..._| WSW.,7..| WNW.| NW.,9....| S-SW.-NW. 
Cameronia, Br. 8. 8_....| Glasgow--... ew York._.| 51 34.N.} 26 56 W. | 6a., 2d..... 29.80 | SW.,8....| SW.-..| SW.,8____| Steady. 
Braga, Fr. 8. Lisbon.....-. Providence...| 39 48 N.| 65 55 W. | 3d...... 29.f1 | SW__..| NW.,10...| NW., 10.__.| SSW.-NW 
Maryland, Rotterdam...) 49 30N.| 9 19 W. | 3d...... 9p., 4th..._.| 29.86 | W._-.. We W.-NW. 
ews 
Bellflower, Am. 8. S.....| 52 02. N.| 35 10 W. | 4th.___- 4th._..| 5th.....] 29.90 | SSW_..| SSW., SSW.,8...| SSW.-SW 
Caracas, Am. 8. S_...... La Gua .-| New York.__| 29 27 N.| 7 02 W. | Sth..... 5p., Sth....| 6th..... 30,20 | NNE..| N.,8.-- NNE..| NNE.,8_-.| Steady. 
Bellepine, Am. 8. Antwerp..... Philadelphia.| 37 17 N.| 51 30 W. | 6th_.... 9p., 6th____| 7th..... 29.85 | NE... N&.7.-_.| N...... NE... 8.-NW. 
Satanta, Br. 8. Tampico._____ New York... 38. 74 45 W. | 6th_____ 10p., 7th...| 29.59 | NE....| WSW.,6..| WNW-_| SW.,9.__.| SW.-NW 
Bilderdijk, Du. 8. 8.....| Newport | Rotterdam.__| 38 42 N.| 65 30 W. | 7th.....| 9a.,8th_.._) 8th_____ 29.45 | SSW.,10..| WNW_| SSW.,10_.| SSW.-W 
ews. 
Regina, Br. 8. Liverpool. ... New York.__| 54 48.N.| 12 33 W. | 7th..... Noon, 8th_| 9th.___- 29.63 WNW-_| NNW.,9..| SSW.-WNW. 
Eman nuel Nobel, Belg. | Port Arthur..| Genoa. 30 05 70 45 W. | 9th..__- 7p., 9th....] 10th___-| 30.02 | WNW.| WNW., 8.| NNW.| —., 
Bilderdijk, Du. S.S.....| N 4 w port! Rotterdam...| 39 50N.! 53 06 W. | 10th....| 6p., 10th...} 12th.._.} 20.26 | NE_...] NE.,7.-..| N., 10.....| NE.-NNW. 
ews. 
Emanuel Nobel, Belg. | Port Arthur:.| Genoa.......| 31 21 N.| 60 03 W. | 11th_.__| 6a.,11th.__| 12th..__| 20.68 | SSW-._.| SSW.,10..| WSW-.| —., 12... 
Coldwater, Am. 8. Wilmington, | Liverpool...) 46 00N.| 3415 W. | 11th....| 11th..| 12th....} 29.36 | SE... SE., 7 ....| SW..--| SE.,10....| SE.-SW. 
Norfolk. ....- Gibraltar... .| 39 26.N.| 56 04 W. | 12th..__| 2p., 12th... 13th..__] 29.15 | NNW.,7..| NW...| NNW., 10. 
Emergency Aid, Am. terdam...| Tampa........ 41 45 N.| 27 54 W. | 12th....| Noon, 12th_| 12th..__] 29.82 | SE____- SE., 10....| SSW...| SE.,10._._| SE.-SSW. 
Porto Rico, Am. 8. 8.. New York._.| Vera Cruz___| 32 58 N.| 76 13 W. | 18th..../ Noon,13th_| 14th..__| 29.80 | W__-.- W.,—....- —., 12....- W.-WSW-NW . 
Nobles, Am. S........ ibraltar....| New York.__| 34 30 N.| 49 30 W. | 13th____| 4p., 13th_._| 13th.___| 29.40 | ssW.,i0..| NW...| S.,12...... 8.-SSW. 
Cripple Creek, Am. 8.8_| Galveston_...| Liverpool. ...| 43 07 N.| 42 40 W. | 6p., 13th...| 17th..__| 28.63 | W., 12..... 8.-W. 
Nobles, Am. 8. 8........ Gibraltar___.| New York...| 34 50 N.| 54 00 W. | 4p., 14th__.| 16th..__| 29.47 | SSW.,8...| SW_...| W.,12.___- SSW.-SW. 
Norfolk.....- Gibraltar_...| 40 20 N.| 47 00 W. | 14th.___| 10a., 14th__| 15th.___| 28.91 Ww. Ww 
Roads, Am. _....| New York..-_| 34 00 73 53 W. | 15th... 7p., 15th.__| 15th....| 30. 00 Ww 
Masconomo, Ger. S. Port Arthur_.| Dunkirk__._. 40 20N.| 47 00 W. | 14th____| 4a., 15th.__] 16th..._| 28. 84 
Sarcoxie, Am. 8. S....... ew York...| Bordeaux._..) 40 55 N.| 44 00 W. | 14th__._| 6a., 15th.__} 15th..__| 29.30 
Belgier, Belg. S. S_._...- RiodeJaneiro,| Galveston....| 29 06 N.| 65 09 W. | 17th_.__| 8p., 17th...) 18th____| 29.95 
De Grasse, Fr. 8. 8...... Havre........ New York...| 45 17 N.| 46 46 W. | 8a., 17th_..| 17th..__| 29.09 
Clearpool, Br. 8. Gibraltar....| Philadelphia_| 33 47 N.| 53 30 W. | 18th.._-| 3a., 18th__-| 18th.__.| 20. 55 
Adalia, Ger. 8. S........| Amsterdam_.| Habana_._._. 33 01N.| 43 06 W. | 18th....| 6p., 18th.._| 19th...., 29. 53 
Lueellum, Br. 8. S.-.... New York.._} Dublin_...... 42 38 N.| 43 02 W. | 19th____| 2a., 19th_._| 2Ist___.| 29.45 
Bird City, Am. 8. 8.___- | 53 48 N.| 38 05 W. | 18th____| 6a., 19th___| 20th_._.| 28 88 
Daytonian, Br. 8. 44 11 N.| 41 08 W. | 20th.___| 2a., 20th___| 20th...) 29. 49 
Carlier, Belg. S. 37 10N.| 68 18 W. | 22d__.-| 22d..-_. 29. 75 
Balsam, Am. 8. §___-__- 37 11N.| 65 34 W. | 26th____| 10p., 26th_-| 27th.___| 20. 40 
River Delaware, Br.S. 8. 39 13 N.| 23 20 W. | 29th____| 1a., 29th.._} 29th_._.| 29. 48 
France, Fr. 8. S.....-... Plymouth....| New York..-.| 41 10 N.| 56 20 W. | 29th... 29th...| 30th..__| 29. 33 
River Orontes, Br.8.8..| Antwerp..___ Philadelphia _| 41 00 N.| 53 00 W. | 30th_._.| 4a. 30th.-.| 29.39 
Dakarian, Br. S.8...... Philadelphia_| Liverpool....| 46 43 32 54 W. | 3lst___.| 3p.,31st_..| Apr. Ist_| 28. 73 
City of Fairbury, Br.8.8..| Hamburg....| Galveston... 42 08 N. | 26 02 W. | 3ist_...| Noon, 3lst_| Apr. 28. 99 
NORTH PACIFIC 
OCEAN 
West Ivan, Am. 8. S.... Fran- | Yokohama...| 34 20 N. |151 30 E. | Ist..... 10p., Ist_..] 2d__.._. 29.75 |S 8., 8 WNW.| S., 8......- S.-W.-WNW. 
Hanley, Am. 8. S........] Everett, Balboa....... 14 26 N.| 96 06 W. | 29.86 | NE.._.| NNE., 9..| N.--...| NNE., 9..| NE.-N. 
Talabot, Nor. 8. 8.......| Yokohama...| Vancouver_..| 40 22 N. |156 26 EB. | 3d_..__. Noon..... ENE., 8..| NNW .| E., 9.....- ENE.,-N. 
Iwatesan Maru, Jap. 8.S.|____- San - | 47 30 N. |160 45 W. | 4th_..__ 9a., 5th__..| 6th..._.| 29.10 | ESE.-S.-SSW. 
Koyu Maru, Jap. 8. 8...| Miike, Japan.| Grays Har- | 51 30 N. 35 W. | 7th.....| 2a., 8th_...| 9th.....| 28.55 | SE... W., 10..... Wl NNE-NW.-W. 
Levant Arrow, Am. 8. 8.| San Fran- | 35 18 N. |179 16 E. | 6th...... 12a., 9th...| 12th....| 29.75 | WNW-| SW., 8....) Nu 8.-SW. 
Ixion, Br. 8. Vancouver...) Yokohama.._| 40 19 N. /148 01 E. | 10th....| 2p., 11th__| 12th.__.| 28.61 | ESE...| NW., 9....| NW-...| NW., 10..| SW-W-NwW. 
West Hixton, Am. 8. 8__| Astoria....__- Fushiki, Ja-| 44 N.|148 &E. | 12th_.._| 28. SE., —....| NW_...| NNW.,12| SE.-E.-NW. 
pan. 
Las Vegas, Am. S. S.....| Columbia R-.| Nagoya, Ja- | 4201 N. |149 55 E. | 8p., 11th._| 28.48 | SW., 7....| NW....| —, 12.....- 8 pts. 
pan. 
Hokkai Maru, Jap. 8. S.| Vancouver...| Yokohama__.| 48 34 N. |159 53 E. | 12th___. 12th..| 14th_.._| 28.66 | S.......| SE., 4.....| NNE_.| ENE., 11.| ENE.-SE. 
West Faralon, Am.8.S.| San Fran- |.....do_.......| 33 57 N.|143. | lip., 14th.) 16th_.__| 29.48 | SW_...| SW., —...; WNW-| SW., 9_...| SW.-W. 
West Ison, Am. S. 8....-| Tsingtan.....! Seattle.....__ 48 33 N. |176 46 E. | 12th._..} 10a.,12th._| 18th..._' 29.18 | SE..... SE., —~....| SSW...) 9..... 
Boren, Swed. S. Cadiz, P. 1... San Fran- | 42 24 N. (168 20 W. | 15th_-_.| 2p., 15th_-| 16th___| 29.16 | S_...._- | WSW., 9..| S.-SW.-W 
c 4 
Reiyo Maru, Jap. 8. S...| Otaru,Japan.| Vancouver...| 42 38 N. |160 18 E. | 16th....| 10a.,17th...) 17th_._.| 28.88 | WNW.| NW., NW....| NW., 9..... WNW.-NW 
aru, ap.8. 51 11 N. 54 16th__.-| 5p., 17th...| 17th___| 29.04 | SE_.... SSE., 9_...| S.-E.-S. 
Akibasan Maru, Jap.S.S.| Yokohama...| San  Fran- | 47 03 N.|157 27 W. | 19th_.__| 19th__._| 28.43 | SOW 
Dellwood, Am. S.....| Seattle...__. 51 05 N. |130 05 W. | 20th..._| 8a., 2ist...| 2ist....| 29.92 | SSE_...| SSE., 9....| SW....| —, 10._.__- | SSE.-SW 
Tahchee, Br. 8. Shanghai......San Fran-!39 N.|179 2ist..-.| 2p., 2Ist...| 28.94 | 8....... WSW., 9_.| NW___.| NW., 10... WSW.-NW 
Fldridge, Am. 8. 8...... Yokohama...| Seattle......- 49 56 N. |144 20 W. | 23d_....| Noon.....| 23d__... 29.87 | E.....- teady. 
West adron, Am. 8. Otaru........ Portland.._.. 46 51 N.|152 W.| 26th.._.| Noon_.... 26th__..| 28.80 | SE..... sw., 10...| SE.-S.-SW 
Tenpaisan Maru, Jap. | Miike........ ma...... 47 40 N. |176 30 W. | 25th_...] 4p., 26th._| 27th....| 20.26 | NW-...! NW., 9...) NW....| W., W.-WNW 
West Carmona, Am.8.S.| Hongkong... San  Fran-| 41 12.N.|178 30 E. | 24th....| 6p., 20th__| 20th_.__| 29.20 | SE.._.. WS8W., 7..| NW....| SSW., 9...) SE.-8.-SW 
West O’Rowa, Am. 8.8.) Yokohama...| Portland..._. 43 36 N.|159 14 B. | 27th....| 27th....| 29.14 SE___.- 9.2... SW..._| SE., 9..... SW.-W 
Shabonee, Br. 8. S.......| Shanghai_.... San Fran- | 37 57 N. |150 05 2%th....| 4a......--- 28th....| 29.53 | NW....| NW., 8...- NW, 8... 
Somedono Maru, Jap. | Wakamatsu..| Willapa...... 50 35 N. |175 20 W. | 28th....| 5a_.......- 28th....| 28.94 | SE_....| SE., 10....] ESE...| SE., 10....| 2 pts. 
India Arrow, Am. 8. 8..| Shanghai..... Pedro....| 38 13 N. |156 09 W. | 27th....| Madt.,27th| 28th____| 29.69 | NNW NW., 8._..| NW-_...| NW., 9_.... NNW.-NW. 
Manulani, Am. S. S..... Sen Fran- | HawaiianIs..| 27 N.|149 10 W. | 27th....| 8a., 20th... 20th_..| 29.48 | SW....| NW. li NW., ll... NW.-NNE. 
c 
Niagara, Br. §, S.......- Honolulu. ...| Victoria...... 30 48 N. [149 28 W. | 28th....| 6p., 28th...| 29th....| 29.46 | N., 1 Bik 
Carriso, Am. 8. Hilo San Fran- | 28 44 N. |142 24 W. | 28th____| 4p., 28th...| 20th_...| 29.52 | SE_.__- SE., 10....| SE..... SE., 10....| SE.-E. 
Manoa, Am. S.......- San Fran- | Honolulu....| 29 10 N. |144 50 W. | 28th....| 5a., 20th...| 29th....| 29.31 | SE... W., 9......] NW....| W., 9....-. 
Pres. Grant, Am. 8...| Yokohama...| Victoria...... 39 45 N |149 20 E. | 28th....| 2a., 28th...| 20th....| 29.26 | NW-....| NNW.,6..| NW_...| NW., Steady. 


96500—26——3 


3 
3S 
t. 
le : 
le 
D- 
1e 
: 
of 
r. 
i 
st 
ed 
th 
Jn 
ed 
\er 
on 
wn 
et, 
aly 
ulf | 
ds. 
OW 
the 
it 
= 
on 
on 
fth | 
the : 
sity 
ree 
the 
eth 
= 
ied 
\ear 
ery 
and 


i a 


118 
OBSERVATIONS FROM GREENLAND 


Weather observations broadcast from the recently 
installed radio station at Julianehaab, Greenland, are 
now being received regularly in Europe, and since March 
19 have been published on the British Daily Weather 
Maps. It is expected that these observations will shortly 
be regularly available in the United States and Canada. 
The Canadian radio station at Belle Isle is under in- 
structions to pick up these messages, and is already 
receiving them irregularly. Julianehaab will also later 
collect and transmit weather messages from the low- 
power radio stations at Godthaab and Godhavn, on the 
west coast, and ea on the east coast of 
Greenland.— W. £. Hurd. 


NORTH PACIFIC OCEAN 
By Epwin Hurp 


A glance at the pressures over the North Pacific 
Ocean for March, 1926, shows again, as in January, a 
considerable departure from the average. The center of 
the Aleutian Low was at Dutch Harbor, with a pressure 
of 29.27 inches, almost a half inch below the normal. 
The crest of the anticyclone lay a few hundred miles 
southwest of the Washington coast. At Tatoosh Island 
the monthly pressure of 30.15, was 0.17 inch above the 
average. Hence the normal March gradient of 0.24 
inch between Dutch Harbor and Tatoosh Island in- 
creased this month to 0.95 inch, thus establishing an 
extraordinary gradient for the time of year. 


The following pressure table gives data for several 
land stations: 


TaBLe 1.—Averages, departures, and extremes of atmospheric 
pressure at sea level at indicated hours, North Pacific Ocean, 
March, 1926 

Station Average |tire trom| Highest | Date’ | Lowest | Date 
Pressure normal 
Inches Inch Inches Inches 

Dutch Harbor !_.........- 29. 20 —0. 47 30.07 | 12th. 27.98 | 18th. 

29.45| —0.30 30.16 |...do.....| 28.44] do. 

20.52/ | 30.22 | 30th... 28.56 | 19th. 

Midway Island 30.06} 0.02} 30.24} 11th... 29.80 | Ist. 

30. 07 +0. 03 30. 23 | 7th....-. 29.85 | 31st. 

29. 99 +0. 05 30. 52 | 23d_..... 29.12 | 2ist. 

Tatoosh Island #3___...... 30.15} +0.17| 30.45 | 22d... 29.68 | 30th. 

San Francisco ? #_......... 30. 03 —0. 02 30.38 | 11th..... 29.68 | 24th. 

San Diego ? §_.........-...- 30. 00 —0. 02 30. 30 |...do... 29. 74 do. 


1 P. m, observations only, 
2A. m. and p. m. observations. 
3 Corrected to 24-hour mean. 


Note.—Correction indicates telegraphed pressure readings for February, 1 at 
Dutch Harbor, were too low. Average should be 29.25 instead of 29.20. 7 


In connection with the active cyclonic circulation which 
continued over the a te part of the northern half of 
the ocean, gales and heavy snow squalls were frequent. 
The American steamer West Hizton, en route from Oregon 
toward Japan, reported snow squalls daily west of longi- 
tude 160° W., from the 1st to the 13th of March, when she 
arrived at her destination. More snow seems to have 
fallen along the northern steamship routes over the 
western two-thirds of the ocean than during any of the 
three previous months. On the contrary, over the 
eastern part of the Gulf of Alaska, probably less snow 
fell than usual. At Juneau, while precipitation was much 
more than the average, the total snowfall, 0.1 inch, was 
the least ever known for the month. This March was 
. the second warmest on record at Juneau, and was the 
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warmest of record at various places along the American 
coast, including San Francisco and San Diego. The 
month was also warmer than the average at Honolulu. 

Observations indicated few gales along the north 
American coastline. These include some moderate 
northeasters over and southwest of the Gulf of Tehuante- 
pec, and the few gales reported by steamships off British 
Columbia. West of 140° W. gales were frequent to 
170° E., but between there and the Japanese coast, from 
30° to 50° N., they occurred on a greater number of 
days than elsewhere. 


Two storms of considerable violence appeared upon 
the maps. On March 10 and 11 a cycione emerged from 
Japan, accompanied by heavy snow and whole to hurri- 
cane gales east of Hokkaido, and lesser gales as far south 
as the Ogasawara Islands. As the storm moved eastward, 
near-hurricane winds accompanied it until the 13th. 
On that date gales of force 11 occurred over a considerable 
region south of Kamchatka. After the 13th the energy 
of the disturbance abated. Meanwhile, over the west- 
central Aleutians, there gathered one of the fluctuating 
centers of the Aleutian Low. The progressive cyclone 
joined forces with it near the one hundred and eightieth - 
meridian and 50° N., on the 17th, and from this merger 
there developed a vast low pressure area between Japan 
and British Columbia, at the center of which, Dutch 
Harbor, the pressure on the morning of the 18th had 
diminished to 27.98 inches. This was more than 2 
inches lower than the pressure pe at that time at 
both Vancouver and the Hawaiian Islands. Singularly 
enough, despite the gradient, on that day there were no 
reports of gales exceeding force 9 on the ocean, but on 
the 19th near-hurricane winds were encountered in the 
neighborhood of 48° N., 155° W. The progressive move- 
ment of the storm continued, and the center entered the 
British northwest on the 21st. 


The second important storm was in the process of 
development on the 26th as a secondary to the Low then 
central over the Aleutians, but it was not until the follow- 
ing day, at which time it was central near 35° N., 150° 

., that it acquired much energy. On the 28th and 29th 
it attained considerable violence in its northwestern 
quadrant, where gales of force 11 were experienced by 
steamers bound to or from the Hawaiian Islands. The 
storm took a rather extraordinary southward course, being 
central on the 29th at about 27° N., 152° W. On. the 
30th, in 25° N., it lost most of its energy, though it 
continued as a depression east to northeast of Hawaii 
until the end of the month. 


The prevailing wind at Honolulu, as during many 
months past, was from the east, though the maximum 
wind velocity, 34 miles per hour, was from the southwest, 
during the formation of the c clone to the northward on 
the 26th. March was the fifth consecutive month here 
with deficient precipitation, and the eighth with excess 
temperature. 


Fog was observed less frequently than for several 
months past along our coast. There was little change 
in the frequency of its occurrence otherwise since February 
over the eastern part of the ocean. It was reported on the 

eatest number of days, principally during the last 

ecade, near 50° N., 140° W. Reports of fog were 
infrequent from east longitudes, and it seems to have,beeD 
confined largely to coastal waters east of Japan and 
between and Shanghai. 

An ice field about 5 miles in diameterkwasjreported 
on the 10th, in 43° 04’ N., 146° 28’ E., and was also 
observed in the neighborhood on several other dates. 
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NOTES 


By John Preller, second officer American steamer Tejon, San 
Pedro to Balboa.—“‘ March 28, 3 p. m., local time. In lat: tude 16° 
56’ N., longitude 100° 36’ W., noted a mirage. The steamship 
Empress of Scotland passed about 5’ to the’southward, and ‘at ,times 
she appeared as if cut in two, her center disappearing, while at_other 
times bow and stern were lost and only the middle segs 
smooth at the time. Sky clear. Variable winds during the’day 
boxing the compass.” 

By W. H. Walker, master of the American steamer Eelbeck, 
Panama to Honolulu.—“‘ On the passage of the American steamship 
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Eelbeck from Panama Canal to Honolulu, on the great circle track, 
there was a complete absence of the northeast trade winds; the 
vessel passing through light variable winds and calms for 16 days. 
On the 28th of March, however, when in longitude 143° West, the 
ship met with strong winds from the southward, accompanied by a 
rough sea and heavy rain. This lasted for 15 hours, shifting to 
the west and northwest, bringing up a high head sea which con- 
tinued to retard the vessel’s progress until reaching the vicinity of 
the islands, when the sea moderated. This unusual weather 
delayed the ship 24 hours.” 
W. E. H. 


DETAILS OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


During the first half of the month the movement of 
cyclonic storms was mostly along the northern border 
but toward the end several rather intense storms de- 
veloped in the far Southwest and moving across the cen- 
tral valleys passed off to sea. During the passage of one 
of these storms heavy snow fell over the southern Great 
Plains regions—Kansas to Texas. Another feature com- 
mon to all of the months of 1926 was the great increase 
in energy of the cyclonic storms when reaching the Ca- 
nadian Maritime Provinces and adjacent oceanic ares. 

Temperature east of the Rocky Mountains, except over 
Montana and the Dakotas, was below normal several 
degrees as shown on Chart III; it was above normal by 
the same amount west of the Rockies. The usual de- 
tails follow.—A. J. H. 


CYCLONES AND ANTICYCLONES 
By W. P. Day 


The first 12 days of the month were marked by gen- 
erally high pressure over Canada and an accompanyi 
succession of high-pressure areas from this region seiteadd- 
over the United States. Five of the seven 
Alberta nigHs were charted during this period. Duri 
the remainder of the month the HiGHs were more vated 
with respect to place of origin. The nicH which appeared 
in the Northwest about the 25th was a combinationof 
Alberta and North Pacific types. 

Eighteen Lows were plotted, several of which were 
te important as storms. Of the latter, four were of 
the Texas type, i. e., secondaries developing over north- 
eastern Mexico and southern Texas. : 


FREE-AIR SUMMARY 
By V. E. Jaxu 


The free-air temperature departures at all aerological 
stations were negative (see Table 1) and as a rule in- 
creased somewhat with altitude. This departure aloft 
extended to some portions of the country where surface 
temperatures were above normal, as over North Dakota, 
where Chart III, this Review, shows that it was warmer 
than normal. Over Ellendale a change to a negative 
departure took place at no great elevation above the 
ground, the average departure increasing with altitude 
to —3° C. at 4,000 meters. The greatest departure was 
at Royal Center, in the general vicinity of which the 
surface negative departure, as shown on Chart III, was 
also greatest. Relative humidities showed no important 
departure at any station. 

ree-air winds were of more northerly component and 
greater velocity than normal, the general directions hav- 
Ing been about northwest over middle sections of the 
country and more nearly west over eastern sections 


(see Table 2). Except at San Francisco, winds ctl 
a decided easterly component to high altitudes were al- 
most absent, even over the most southerly stations. At 
San Francisco they were observed on 10 days scattered 
throughout the month. An exception is also noted at 
Ithaca, where a northeasterly wind was observed on the 
21st to 10,000 meters. 
Examples of wind velocity increasing rapidly with 
altitude as surface friction is surmounted are very 


However, instances of increase are also 


occasionally observed that obviously can not be thus 
accounted for, as at Broken Arrow on the 2d. This ob- 
servation showed a stratum of light northeasterly wind 
extending 800 meters above the ground, at the top of 
which the velocity fell to 1 meter per second. Imme- 
diately above this stratum, the wind changed abruptly 
to westerly and increased in velocity to 18 meters per 
second at 1,300 meters and to 32 meters per satond in 
the next 3,000 meters. A somewhat similar condition is 
noted in the record of the afternoon two-theodolite 
pilot balloon observation at Groesbeck on the 26th, 
where a northeasterly wind extended with diminishing 
velocity to 2,000 meters, above which an abrupt change 
to southwesterly occurred, with rapid increase in velocity 
from 1 meter per second at 2,000 meters to 27 meters 
er second at 4,100 meters. In both cases a higher sea 
evel pressure is found to the north or northeast of the 
station, which accounts for the northeasterly winds in 
the lower levels, and a general pressure and tempera- 
ture situation over the country as a whole to account 
for the strong westerly winds in the upper levels, with 
evidently a sharp line of discontinuity intervening. 
Where an abrupt change in direction with altitude occurs, 
under ordinary conditions of fair weather, the velocities 
in the transition stratum are always very light. 

An indication that surface friction over a not very 
rough terrain is ineffectual in causing turbulence to an 
erceptible height when the temperature is rising aloft 
1s shown by the record at Drexel on the morning of the 
17th, when a steady southerly surface wind of from 8 to 
10 meters per second increased to 30 meters per second 
from the southwest 400 meters above the ground. The 
surface and aerological observations indicate that at the 
time of morning surface minimum temperature (—1.1° 
C.) the temperature increased steadily with altitude to 


16.4° at 400 meters. As soon as insolation began the. 


surface temperature rose rapidly to a maximum of 23.3° 
C. in 8 hours. If, before insolation began, turbulence 
had extended to any considerable height, a positive lapse 
rate would have been observed within that height. 

The kite flights at Royal Center on the 16th and 17th 
show a change to higher free-air temperatures from one 
day to the next, the station ‘on the first day being in 
front of a Low and on the second under relatively higher 
pressure in the rear of a nIGH. A similar temperature 
change is noted in the Washington Naval Air Station 
airplane records of the 5th and 6th, where the change was 
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from a position in front of a HIGH to one of higher pres- 


sure just in the rear of its crest. 
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These changes appear 


to be related to a condition which has been commented 
on before in connection with a rapid recovery of tem- 


Marcu, 1926 


Taste 1.—Free-air temperatures, relative humidities, and vapor 


pressures during March, 1926—Continued 


TEMPERATURE (°C.) 


perature which takes place above the northwestern Drexel, | Due West, | Ellendale, Royal Cen- 
. Nebr. 8. C. N. Dak. ter, Ind. 
stations in the colder season, after the crest of a cold (306 meters)|(217 meters)|(444° meters) (225 meters) 
HIGH has just passed and the air near the ground is still Alti- 
very cold. a De- De- De- De- 
e following record of the kite observation at Royal (meters) = = 
Center on the 31st is of interest because it was made in _ — bes Pe 
a snowstorm when the station was close to the center of mean mean mean mean mean 
the deep circular Low that covered the eastern half of ‘ 
the country on that date. The temperature record shows 8.2) -22 
conclusively that in this Low there was no uninterrupted —23| 
ascending current in. the central region of the cyclone 
within the height limit of the observation. —7.7| 28) -4.7 
—10,6| —4.1| —4.6| —3.0\—14. 4) —2.5| —2.4|—-12.7| 
- -3 19.0) — 
Temper- At Relative | Wind di-| Wind —19.0| —3. —22,1| —2, 0) —22, 0} —6.2 
Altitude m. s. 1. (meters) ature 00 m. | humidity velocity —22, 2 —24,0) — 1.0) 
°C. Per cent M. p. 8. 
225 (surface). -i3 RELATIVE HUMIDITY (%) 
850. —6.0 100 21 
8) 
Surface... —7 7 7 
500...... 75| +5 
Aerological kite work was discontinued at Drexel at 
the termination of March 31, and no further kite records +3 
from that station will therefore appear after this issue of — 2'500.--7- er +3 63 4 
3,000... 49) -2 4 
4,000_.... 51) +2 
TaBLe 1.—Free-air temperatures, relative humidities, and vapor bie 
pressures during March, 1926 | 
TEMPERATURE (°C. 
Ce) VAPOR PRESSURE (mb.) 
Broken Ar-| Drexel, | Due West, | Ellendale, | Groesbeck, | Royal Cen- 
row, Okla. Nebr. 8. C. Dak. Tex. ter, Ind. Surface..| 6.84/—-1.38 4.36\—0. =f, —2,12| 4.51/—1,61 
(233 meters)|(396 meters)|(217 meters)|(444 meters)|(141 meters) | (225 ) 250..._.. 4.45\—1.56 
Alti- $00. ..... 6. 24;—1. 02) 4 11/—0. 2.13) 3.19|\—0.51) 7. 16|—2, 38) 3, 89)—1. 25 
5. 80|—-0.74) 3. 77|—0. 61 1.97] 2.82\—-0. —2.36, 3. 00 
(meters) 4.73|—0. 11| 2. 66—0.49 2 24|—0. 2 —0.70 2 53|—0. 89 
Mead) trom | Mean) trom |Meat) trom |Mean| trom |Mean Mead! trom 3.73} 2.06/—0.58 1. 80|—0. 31 +0,09 2 34|—0.58 
8-yr. 1l-yr. 6-yr. 9-yr. 8-yr. 2,500..... 2.77|—0. 21; 1.73|—0. 51 1, 46;—0., +0. 24) 2.04|—0., 47 
mean mean mean mean mean 2. 08|—0. 34; 1. 51/—0. —0. 19) 1. 20|—0. 21 +0. 1, 58|—0. 54 
3,500... 1.32 1. 15-0. 0.08} 0.95|—0. 1 0. 79|—0. 75 
4,000.__.. 0. 78 0. 67 = 0. 0. 09 
Surface..| 81) 1 106-25) 4,500.-._- - 
250......- 8. 0) Hind ing 5,000 0. 01|—0. 66) 0. 79)+-0. 16) 
500..---- 6.6 0. 66-36 —31) 8&8) —29) —45 
TaBLE 2.—Free air resultant winds (m. p. s.) during March, 1926 
Broken Arrow, Okla. Drexel, Nebr. Due West, 8. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. 
(396 meters) (217 meters) (444 meters) (141 meters) (225 meters) 
Altitude 
Mean (8yearmean| Mean (ll-yearmean| Mean 6-yearmean| Mean _ | %year mean 8-year mean 8-year mean 
Dir. |Vel| Dir. [Vel] Dir. |Vel| Dir. |Vel. Vel| Dir. |Vel| Dir. Dir. |Vel| Dir. Dir. |Vel. Dir. |Vel. 
1. 8|N.34°W-_| 2.3/S. 71°W_! 0.6 3.1/8. 73°W-} 2. 1)N.30°W- N.41°W.| 2.1/N. 13°E-.| 2.2/8. 14°E.! 0.8)N.81°W-. S. 52°W./ 1.6 
81°W-| 3.3/8. 72°W_| 2.3 IN. 16°E.| 2.5/8. 11°E.| 1.5) W. 8. 47°W_| 1.8 
3. 2|N.40°W-| 3.018. 69°W-_| 0.918. 77°W_| 3.5\N.82°W_| 3.4|N45°W.| 2 1\N. 43°E.| 2.018. 4°W-| 3.0\N.88°W S. 55°W_| 4.2 
4. 5.1/S. 85° W_| 2.3/8. 6. 61S. 78° 4.7|N.33°W. .66°W.| 2.5|N. 10°E.| 2.2/8. 21°W_! 3. S. 61°W-| 5.4 
4. 8IN.50°W_| 3.3/8. 7. 6\8. 77° W_| 5.9|N.37°W N.73°W.| 3. 2)N.10°W-/ 2.9)8. 35°W_| 4. 2'N.78°W. S. 68°W-| 6.1 
“| 5. 6|N.47°W_| 7. 7\N.79°W_| 4.3 79°W.| 7.11N.43°W N.71°W_| 4. 0|N.38°W-| 3.3]8.45°W.| 4. 7\N.83° 75°W.| 7.3 
5. 9)N.38°W_| 8.6)N.77°W_!| 5.3 10. 5/8. 80° 8.9|N.49°W .73°W_| 5.3|N.55°W_| 3.8/8. 52°W_| 5.0 N 8. 83°W.| 8.2 
6. 91N.28°W.| 9.2)N.76°W_| 6.7 13. 3/8. 83° W_|11. 2/N.48° .73°W_| 6.1/8. 65° 6.4'N 9.6 
8. 4|N.39°W_|11. 6.N.80°W_| 8.8 15.7 Ww. 12. 7|N.48°W .73°W.| 9.4'N.74°W_| 8. 61S. 69° W_| 8.6N 88°W-|10.6 
9. 91N.43°W_|12. 6|N.83° W_/11. 3/8. 19. 0/S. 85° 2|N.68°W. 9.6/8. 72°W_| 9.5 N N.87°W.(13.5 
10. 7/N.50°W_|15. 2|N.79°W_\14. 6 2/8. 87°W_ 14. 5|N.65°W 80° W _|12. 8.N.22°W_| 8. 91S. 75°W_|12.5 N. N.89°W_|16.1 
10. 4|N.58° W __|15. 3)N.75° W_/17. 7 23. 2 Ww. 16. 3|N.57°W. OW 3} 8. 89°W-|15.2 
12. 3|N.45° W_/17. 0|N.76° 3 -|19. 1/8. 88° W_/16. 5|N.52°W 7° W.|14. 2 N.89°W-/14.0 
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TaBLE 3.—Mean free-air temperatures, relative humidities and vapor 


and resultant winds during March, 1926, at Washington, 
Naval Air Station (7 meters) Weather Bureau 
(34 meters) 
Altitude m. s. 1. (meters) 
Tem- | Relative} Vapor 
perature | humidity} pressure | of wind Velocity 
°C. Per cent Mb. M. p.8. 
1.6 68 5.08 |} N. 55° W. 2.1 
ch 0.6 66 4.68 | N.68° W. 4.3 
—0.2 64 4,33 | N. 65° W. 3.1 
63 3.98 | N. 66° W. 7.4 
1,000. —2.5 63 3.73 | N. 64° W. 8.4 
1.250_- —3.8 64 
1,500. —4.9 63 3.11 | N.68° W. 10.7 
2,000. —6.8 61 2.51 | N.73° W. 11.6 
2,500... .. . —8.6 58 1.98 | N.70° W. 11.3 
55 1, 56 | N. 75° W. 13.0 
4,500. —13.4 52 1.17 | N. 59° W. 13.8 
—16.6 51 0.89 | N.48° W. 15.0 
4,500. —19. 49 0.69 | N.52° W. 14.7 


THE WEATHER ELEMENTS 
By P. C. Day, In Charge of Division 
PRESSURE AND WINDS 


The atmospheric circulation was distinctly sluggish 
for the first month of spring from the Rocky Mountains 
westward, no cyclone of importance entering the United 
States from the Pacific coast during the entire month, nor 
were anticyclones particularly active, though the pressure 
was moderately high over the far Northwest during much 
of the month. 

East of the Rockies there were about the normal num- 
ber of cyclones moving from the British Northwest, but 
they entered the United States somewhat farther east 
than usual and were mainly effective over the northern 
districts from the Great Lakes eastward. In one case, 
however, a storm entered the United States from the 
Canadian Northwest and moved directly toward the 
South Atlantic States, but it covered only a narrow area 
and caused little precipitation until after reaching the 
coast where it recurved to the Northeast and developed 
considerable importance after passing to sea. Several 
cyclones developed over the far Southwest or in the 
vicinity of the west Gulf and moved either directly 
toward the Great Lakes or pursued a more easterly 
course over the Gulf States and thence northeastward 
near the Atlantic coast. 

Over a large area embraci 
ortions of the Plateau an 

ttle important storm activity. 

The principal precipitation of the month was associ- 
ated, as is usually the case, with the southwestern 
storms, me one of northern origin passing eastward 
over Lake Michigan on the morning of the 7th brought 
some heavy during that and the following 
day to the Ohio and middle Mississippi Valleys and over 
the Atlantic Coast States from the Carolinas to southern 
England. 

cyclone giving important precipitation in the 

States, developed over vsitthedstion- Texas on the 10th 
and moving slightly northeastward reached the south 
Atlantic coast by the morning of the 11th whence it 
a northeastward into the ocean without important 
evelopment. The attending this storm 
Tanged up to two inches or more over large areas in the 
Gulf and South Atlantic States. 

A most unusual case of heavy rain without important 
evidence of cyclonic action occurred in the vicinity of 
New Orleans on the 20th, when in connection with a 
local thunderstorm nearly 6.50 inches of precipitation 


the middle and northern 
Great Plains there was 
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occurred in a period of less than 12 hours. Other south- 
western storms giving precipitation of importance over 
the southern and eastern districts passed over those 
sections on the 22—24 and 25-27. 

The most important storm developed over the far 
Southwest on the morning of the 29th and by the follow- 
ing morning the center had advanced to Arkansas 
whence it moved to northern Indiana by the morning 
of the 31st as a storm of wide extent and severe character. 
It was attended by heavy snows in the southern Rocky 
Mountain region and over a wide area thence north- 
eastward to the Great Lakes, while heavy rains pre- 
vailed over large areas from Texas eastward to the 
oo Atlantic States and northeastward to the Ohio 

ey. 

_ Snowfall, heavier than had occurred at any time dur- 
ing the winter, was reported from numerous sections 
from the Texas panhandle northeastward, the amounts 
being phenomenally heavy in portions of western and 
northern Illinois and near-by portions of other States 
High winds drifted the snow to such an extent that 
transportation was greatly hampered and in some 
instances suspended entirely for several days. 

The average pressure was well above normal from the 
Southern Plains north and northeast to, and including, 
the western Canadian Provinces, and in most other por- 
tions of the country save California and from the Great 
Lakes and Ohio Valley east to the Atlantic coast, in- 
cluding the Canadian Maritime Provinces. 

Compared with February just jaeci the average 
pressures were mainly higher, and decidedly so over the 
central valleys, the far Northwest, and the western 
Canadian Provinces. They were slightly lower than in 
February, over the Southwest and in California and 
portions of near-by States. Usually the average March 
pressures are below those of February in practically all 
parts of both countries. 

The month was notably free from high winds over the 
western half of the country, particularly over the Pacific 
coast section where at a number of points the total wind 
movement was the least of record for March. In the 
central and eastern districts the first two decades were 
without important storms, but the last decade had some 
high winds, particularly in the Southwest during the 
early part of the decade and from Texas northeastward 
to the Great Lakes from the 29th to 3ist. The details 
of these storms will be found in the table at the end of 
this section. 

TEMPERATURE 


The persistent mild temperatures which had featured 
much of the winter over large portions of the country 
were not found in March except in the far West, and 
in the last week a marked change occurred over the Rocky 
Mountain and Plateau States so that unseasonable cold 
prevailed thereafter almost throughout the country save 
in the Pacific and Atlantic States. . 

The first half of March brought a number of quick 
changes from cool weather to warm, or vice versa, in 
districts east of the Rocky Mountains, but was generally 
colder than normal over this area save in the northern 
half of the Plains, where the period was largely warmer 
than normal. The temperature deficiency was notable 
in the Ohio Valley and Pennsylvania and thence south- 
ward almost to the Gulf Coast, where this half-month 
averaged generally from 8° to 14° cooler than normal, 
while an excess nearly as great was prevailing at the same 
time in Montana and districts adjacent. In the latter 
part of the second decade the warmth became even more 
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marked in the upper Missouri Valley, and temperatures 
rose to normal in the vicinity of the Mississippi River 
and more arg to eastward, though omen of New 
York and New England remained cooler than normal, 
as did most of the coast districts from North Carolina 
to Texas. A marked break in the long-continued warmth 
in the Northwest came about the 24th, and the cold wave 
quickly extended eastward and southward, so that, as 
already noted, the final week of March was cool over 
nearly all the country. 

March, as a whole, was cooler than normal throughout 
the eastern half of the country and from Texas and 
New Mexico northward to the southern portions of 
Wyoming and Nebraska. South of the Ohio River and 
central Virginia this March was very nearly the coldest 
of record, and the abnormality is further brought out 
by the fact that the month mayne ¢ averaged colder 
than February just before it in the lower Ohio Valley 
and almost everywhere to southeastward, where the nor- 
mal rise in temperature from February to March is about 
8° to 12°. The average deficiency of the March tem- 
—- was about 6° to 7° over most of the Ohio 

alley and the southern Appalachian region, and about 
as great in Vermont and northern New York. 

e region west of the Continental Divide, together 
with Montana, the Dakotas and parts of Minnesota, 
Iowa, Nebraska and Wyoming, averaged warmer than 
normal, The excess was greatest, 6° to 8° per day, in 
interior California and was about as great in the eastern 
half of Montana, though this latter area experienced a 
cold week at the close of the month. 

From a, 1 to March 23, Havre, Mont., averaged 
15.7° warmer than normal. In Idaho, Washington, and 
Oregon, as well as Montana, the winter, as a whole, has 
been easily the mildest of record. March by itself was 
the warmest March of record, or almost the warmest, 
in all parts of the Pacific States, and in much of Nevada 
and aha but in Montana it failed by almost 8° to 
equal the mark of March, 1910. 

The highest temperatures occurred usually very near 
the middle of the month in the far Northwest and on the 
northern coast of California, on the 22d or 23d in the rest 
of California, and nearly always between the 18th and 
the 25th in all other sections, save in Florida where most 
of them occurred on the last day. 

The lowest marks were reached about the 5th or 6th 
or else about the 14th in the Lake region and Ohio Valley 
and districts to the east, nearly always on the 13th, 14th, 
or 15th from eastern Kansas and the central valleys 
southward and southeastward, chiefly on the 7th or near 
the end of the month in the Dakotas and Nebraska, 
mostly about the 6th or on the 29th in the far Northwest 
and in the middle Plateau area, but usually about the 
10th in California and Arizona. Several places in the 
southeastern portion of the country report the low read- 
ings on the 14th as the lowest of record so late in March 


PRECIPITATION 


The distribution of precipitation was decidedly un- 
even, an excess being found in almost all southern por- 
tions from eastern Arizona to the south Atlantic coast, in 
most of the upper Lake region, and in a few other scat- 
tered districts. An area extending from southeastern 
Texas to southern Alabama received amounts from 9 to 
17 inches, the heaviest falls occurring in southeastern 
Louisiana. Texas and Louisiana report that no March 
since their State-wide services were organized has aver- 
aged as wet as this one. 
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There was decidedly little precipitation in most por- 
tions of the Pacific States, particularly in central and 
northern California and the southern half of Oregon, 
many stations reporting this as the driest March of 
record. Likewise the Missouri Valley had very little, 
notably the upper half; and there were considerable 
deficiencies in several smaller areas, as northeastern 
Iowa and southern Wisconsin, the Middle Atlantic 
States and southern New England, and the southern 
third of the Florida peninsula. 

The districts in eastern Texas and near the middle 
Gulf coast which had such large totals for the month 
received most of the rain during the latter half and other 
districts between Arizona and northern Florida received 
the bulk of their precipitation during the final week. 
In the northeastern portion the falls were well distributed 
through the month, but the north Pacific region received 
its supply chiefly during the middle decade. 


SNOWFALL 


Again the snowfall was much less than the normal in 
western mountain districts, bei ay scanty in 
the Pacific States, Montana, Idaho, and Nevada, and 
much of Utah and Wyoming. 

Southeast of these districts, however, the March 
snowfall was more abundant, especially in New Mexico, 
where it averaged almost as much as the maximum re- 
ceived in March. 

The northern plains had but little, but the middle 
Plains, most of Oklahoma and the Texas Panhandle 
had large falls, the chief one as the month neared its 
close. ing to the snowfall of this same storm as it 
moved on eastward, most of Missouri, Iowa, Illinois, 
and northern Indiana had large monthly amounts, and 
traffic was much delayed as a result. In the Lake region 
and eastward the month’s snowfall was not far from nor- 
mal, but near the middle Atlantic coast there was usually 
very little. In most of North Carolina and parts of the 
States adjoining, on the other hand, considerable amounts 
of snow for March fell early in the second decade. 

In the elevated portions of the far West the stored 
snow at the end of March was very generally less than 
the he, quantity at that date, the deficiency being 
particularly marked in all parts of the Pacific States 
and most of Arizona. The prospects for summer water 
flow are poor in nearly every portion of those States. 
Somewhat less unsatisfactory were the snow conditions 
in Nevada, Idaho, Montana, and Utah. On the other 
hand, from Wyoming to New Mexico the snow supply 
is not far from the average, and many river systems 
flowing eastward from ‘the Continental Divide are 
expected to carry somewhat more than their normal 
quantities of water. 


RELATIVE HUMIDITY 


Generally the relative humidity was less than normal 
over the greater part of the country, the principal excep- 
tions being the central and southern Rocky Mountain 
region, where it was in excess, frequently by a large per 
cent, and there were slight excesses in the Southern 
Plains and over much of the Lake region. 


The deficiency was generally large in the middle and 
East Gulf States, over the southern drainage of the 
Ohio, in the Appalachian Mountain region, and from 
the Missouri Valley westward including most of Cali- 
fornia and the middle Plateau. 
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SEVERE LOCAL HAIL AND WIND STORMS, MARCH, 1926 


The table herewith contains such data as have been received concerning severe local storms that occurred during 
the month. A more complete statement will appear in the Annual Report of the Chief of Bureau. 


Place Date Loss | a Character of storm Remarks 
‘0 
of life Gore 
Milwaukee, Wis............. 1 Wind and snow-...| Branches of trees broken; 10 accidents occurred _| Journal (Milwaukee, Wis.). 
; — damaged and telephone lines out of reau. 
service. 
ETE RE ae 5 Snow and wind...| Greatest damage in northern fts re- Do. 
tarded rail traffic and suspension a 
motor 
New Orleans, La............- 10 | 3-3.30p.m|j__.--...-.|.-.-_. thin Wind Telephone, electric light and street car service Do. 
on trees and fences blown down. 
Weleetka, Okla............ 19 | 7.30p.m..} 3,570 |...... $50,000 | Heavy hail........ Co: and crop damage over Do. 
our m 
Navarro County, Tex.._..... 21 Severe wind and several buildings wend, others unroofed. Do. 
hail. Damage in Powell about $11,000 
Palestine, Tex...............- 21 | 7.17 @. m.- |......----|.----- Thunderstorm ....| Roads and bridges washed out, causing delay to Do. 
railway traffic. 
East of tinental Divide, 23 6,000 | High wind........ Buildings damaged or destroyed at Fort Benton, Do. 
Mon Billings, and Circle; considerable injury to 
winter wheat. 
Vincent, Tex..........-.--... 24 2,000 | Small tornado..... Some damage to propert Do. 
Orange County, 25 1 | 200,000 | Violent Greatest damage in Selds where 138 derricks Do, 
were demolished. ight persons injured. 
Fla., and vicin: 26 High and | Timber, telegraph lephone lines prostrated_ Do. 
y- heavy 
26 Heavy hail........| Small birds killed by stones; considerable dam- Do, 
cap te property and injury to fruit and vege- 
les. 
en Nebr. (3 miles 27 | 1.30 p. m..j..-.......|.-.... 100 | Whirlwind_.--..-.- — of small barn wrecked; carpenter Do. 
. of). ured. 
Sacaton, Ariz................. 28 | 3.15-3.45 | 3-4 miles |..... Heavy hail.....-.- Severe damage reported... Do. 
Constellation, Ariz_.......... 29 do Storm passed over mining and grazing districts; Do. 
no damage reported. 
mtinental, Ariz. 
vote and south-central | 29-31 Snowstorm......-- Train service greatly hampered, traffic on some Do. 
unties, Kansas lines completely stopped for a day or two. 
Liberty (3° miles east of) Lib- 30 200, 000 | Tornado-........-.| Mong oil derricks and — buildings Do. 
erty County, Texas. oyed; three persons injur 
Sealy (near) to Wallis (near), 30 to two persons Do. 
Austin County, Texas. injured. 
and Jefferson 30 1 |1,770, 000 | Series of violent | Coastal oil interest greatest losers; many homes Do. 
ties, Texas. thunderstorms and business houses da or demolished; 
a number of persons injur 
and win 
Lake Charles, La..........-. 30 Wind, nln, elec- | Truck and early gardens beaten by hail_........| Journal (Shreveport, La.). 
an 
Norwood, La......-.---.. 30 2 Almost every home damaged; upper story 
blown from factory and roof from cotton gin. 
Meridian, Miss., and vicin- WTO Maciel. fice 30,000 | Hail and wind....| Windows broken, chimneys blown over, trees | Official, U. S. Weather Bu- 
ity. uprooted and a few frame buildings wrecked. | reau. 
Alexandria, La., and vicinity. Wind and damaged; church at Woodworth | Journal (Shreveport, La.). 
emo 
Independence, La.. 30 biuibion auicined do Several buildings unroofed; many autos dam- 
Kinder, La. (3 miles north 30 Tornadic wind.... my home and school building demolished. 
of). Oak trees uprooted and pines twisted off over 
path 5 miles long. Three persons injured. 
Southwest Georgia........... 30 -| 20,000 | Tornadic wind....| A few small country residences and barns de- | Official, U. 8. Weather Bu- 
trees blown down; several persons reau. 
Nashville, 30 Wind... Tin tor from buildings; a number of light Do. 
roken. 
Tex. (vicinity of)..... 30 do. Crops destroyed, necessitating replanting... _... Do, 
2.30p.m..{ 166 5,000 | Tornadic wind... Twot frame buildings demolished; chimneys and Do 
outhouses blown down, trees uprooted: some 
wire damage. Path about 2,200 feet. 
Pensacola, 650 | Wind............. Lighter loaded with lumber Do. 
Central and northern Iilinois.| 30-81 |.......-....|..........|...|.--------- Snow and wind... Transportation greatly or entirely suspended in Do. 
northern portion; many accidents reported. 
Towa... mie 30-31 eB do. Greatest damage along Mississippi River, par- Do, 
ticularly at Dubuque; m inconvenience to 
phase of life. 
Alpena, Mich., and vicinity.. Wind and snow... and lines damaged; high- Do. 
mpassable, trains de ay 
Ohio (neat). Wind and rain.._./¥A of buildings d io). 
down; wires damaged by falling trees; river ae 
navigation interru ted. 
Mich. Wind and snow... Highways 0 ; navigation partially sus- Do. 
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STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


On the morning of the Ist, southwest storm warnings 
were ordered from Delaware Breakwater to Eastport. 
On the 2d northwest storm warnings were ordered from 
Delaware Breakwater to Hatteras. From Delaware 
Breakwater to Eastport, warni were changed to 
northwest on the 2d and continued on the 3d. Strong 
winds and gales occurred. Small-craft warnings were 
displayed on the 6th from Miami to Charleston and on 
the Alabama and extreme northwest Florida coasts, and 
fresh winds occurred. Southwest warnings were ordered 
on the morning of the 7th from Cape Hatteras to Port- 
land and were extended northward to Eastport on the 
evening of that date. On the following morning the 
warnings were changed to northwest. Strong winds 
and gales occurred as indicated. On the morning of the 
9th small-craft warnings were ordered from Eastport 
to Hatteras and fresh to strong winds occurred. 

On the morning of the 10th small-craft warnings were 
ordered from Mobile to Apalachicola and fresh to stro 
winds occurred during the afternoon.. On the 11t 
small-craft warnings were displayed from Atlantic City 
to Jacksonville. 

Small-craft warnings were issued on the 23d from 
Hatteras to Boston and fresh winds occurred. 

On the morning of the 25th storm warnings were 
displayed from Hatteras to Portland, in connection 
with a disturbance over northern New York, and on the 
following morning warnings were ordered from Jackson- 
ville to Boston in connection with a disturbance of con- 
siderable intensity over North Carolina. Strong winds 
occurred generally, but were not severe. 

With centers of disturbances over the Rio Grande 
Valley on the evening of the 29th, storm warnings were 
displayed between Bay St. Louis, Miss., and Tampa, Fla. 

n the afternoon of the 30th storm warnings were 
ordered from Titusville, Fla., to Atlantic City, N. J., 
and on the evening of that date were extended. north- 
ward to Boston. Strong winds and gales occurred 
generally over the region of display. 

Warnings of frosts or freezing temperatures were 
issued for portions of the South Atlantic and East Gulf 
States on the 2d, 3d, 7th, 8th, 9th, 12th,"13th, 15th, 
16th, 23d, 25th, 26th, 27th, 30th, and 31st. The frosts 
and freezing temperatures that occurred on the 14th 
were the most important of the month, minimum tem- 
peratures from 2° to 4° below freezing being reported 
as far south as the East Gulf coast and northern Florida, 
considerable damage to fruit blossoms resulting —R. H. 
Weightman. 

CHICAGO FORECAST DISTRICT 


The weather was unusually cold for the season in the 
Great Lakes region and the Mississippi and Ohio and 
lower Missouri valleys. The storms passed across the 
southern and eastern portions of the district in rapid 
succession, bringing large falls of snow to the Great Lakes 
region and portions of the Southwest. Record-breakin 
snowfall for the month of March was registered at sever. 
stations. The precipitation was seldom in the form of 
rain, except in the extreme southern portion of the fore- 
cast district. On the other hand, the temperature was 
mild and precipitation deficient in the northern plains. 

The month opened with a disturbance passing across 
the Great Lakes, accompanied by snow and strong winds. 
Later a disturbance gradually developed in the west, 
and passed eastward across middle districts with steadily 
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increasing intensity. On the 6th and 7th, Poe Rig 
was widespread, and_ the winds were 
rather strong, with falling temperature following in the 
wake of the disturbance. Advisory messages were sent 
to open ports on Lake Michigan in the interests of 
navigation, and cold-wave warnings were issued for a 
considerable portion of the district. 

Another storm immediately developed in the south- 
west, and passing eastward it skirted the southern ney 
of the Chicago forecast district on the 10th and 11th, 
accompanied by extensive rain and snow. 

Disturbances of lesser importance passed across the 
district in rapid succession during the follo two 
weeks, causing a continuation of the unsettled conditions 
in much of the forecast district, chiefly from the Great 
Lakes southward and southwestward to the limits of the 
region. 

ne of the most important storms was a combination, 
apparently, of two disturbances—one from the north- 
west and another from the southwest—which joined to- 
coe in a well-marked Low over the upper Mississippi 
alley on the morning of March 24. e center passed 
directly eastward across the Great Lakes, with some 
snow and strong northwest winds, followed by a marked 
fall in temperature. The usual advisory warnings were 
issued, to open ports of Lake —— 

The weather continued unsettled and stormy, and on 
the morning of the 28th a well-marked storm appeared 
to be developing in the far Southwest, and this passed 
first east-southeastward across the west Gulf States and 
then turned northeastward by the morning of the 30th 
from the lower Missouri Valley across the Ohio Valley 
and Great Lakes Region. The storm was most unusual for 
the season, because of its record-breaking snowfall over a 
wide area. The accompanying winds, moreover, drifted 
the snow badly and transportation was much affected. 
Warnings of severe weather conditions were broadcast. 
The pressure at the center of this storm as it passed over 
ae Lake Region fell to 29 inches or lower.— 

. J. Coz. 


NEW ORLEANS FORECAST DISTRICT 


‘Storm warnings were issued for parts of the Texas 
coast on March 25, 29, and 30, and small-craft warnings 
for ee of the west Gulf coast on the 7th, 24th, 25th, and 
30th; subsequent conditions justified these warnings. 
Cold-wave warnings were issued for Oklahoma on the 
5th, and a cold wave occurred. Frost or freezing tem- 
a occurred in parts of the distriet on several 

ates, for which timely warnings were issued. Livestock 
warnings for snows or hard freeze were issued for the 
northern portion of the district on the 26th, 28th, 29th, 
and 30th, and there was heavy snow with hard freeze. 
severe weather occurred without warning.—IJ. M. 

ine. 
DENVER FORECAST DISTRICT 


Low pressures prevailed over the southern and ex- 
treme western portions of the district during most of the 
month, with frequent Lows also moving eastward along 
the northwestern border. The succeeding northwestern 
HIGHS, however, were without their usual intensity. 
results of these pressure conditions, temperatures were 
generally much above normal in the extreme northern 
and western portions of the district, with a mark 
deficiency in precipitation. In southeastern Wyoming, 
eastern Colorado and New Mexico there was an excess 
of precipitation, attended by temperatures generally 
below the seasonal average. 
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Aside from a local cold wave at Flagstaff, Ariz., on 
the 11th, the only cold wave of the month occurred in 
eastern New Mexico on the 29th and 30th, when a Low 
which was central over northeastern Arizona on the 
morning of the 29th divided, one center advancing rapidly 
to extreme southern Texas, the other remaining over 
southwestern Colorado. Cold wave warnings were not 
issued, but warnings of colder in New Mexico, with frost 
or freezing temperature, were distributed on the morning 
of the 29th. 

Warnings of frost or freezing temperature which were 

enerally verified were issued for portions of the whole of 
Sen Mexico, on the 6th, 7th, 8th, 10th, 11th, 12th, 15th, 
2ist, 24th, 25th, 26th, 27th, 28th, 29th, 30th, and 3ist; 
for south-central and southeastern Arizona on the 1ith, 
21st and 29th, and for the valleys of western Colorado on 
the 21st, 22nd, 24th, 25th, 26th, 27th, 28th, 29th, 30th, 
and 3ist.—J. M. Sherier. 


SAN FRANCISCO FOREOAST DISTRICT 


The month of March gave exceptionally high tempera- 
tures over all parts of the forecast district. At many 
stations in California the month was the warmest 
March of record and at some stations in the State it was 
both the warmest and driest March of record. Only one 
frost warning was required for California, but warnings 
of frosts and of freezing temperatures were issued on a 
number of days for Nevada, Idaho, Washington and 
Oregon, because high temperatures during March and 
the previous months forced vegetation to advance far 
beyond what it normally does at this season. The few 
storm warnings were restricted to the coast north of Cape 
Blanco; i. e., the Washington and Oregon coasts. 

Among the outstanding facts noted in regard to the 
past winter are these: (1) No cold-wave warning was 
issued or necessary for any part of this forecast district 
and (2) the periods of general rains in California have 
followed in all instances the disintegration of the area of 
high pressure that normally is central some distance off 
the Coitonain coast. A notable instance of this oc- 
curred during the latter part of January. The barometer 
had stood high off our coast and the weather consequently 
remained dry during the time. Rains were general and 
heavy in the State while the barometer stood low over 
the region where it is normally high and ceased quickly 
after the pressure rose above normal. A similar instance 
occurred after the end of March. This will be referred 
to in the report for the month of April.—Z. H. Bowie 


RIVERS AND FLOODS 
By H. C. FRANKENFIELD 


The great ice gorge that had prevailed since January 8 . 


in the Allegheny River of Pennsylvania gave way and 
eve down the river during the early evening of March 
23. A special report on this gorge appears on page 106 
in this Review. 

__ Moderate floods occurred March in the rivers 
of the Southern States, except the lower Mississippi, the 
Illinois, and Wabash Rivers and their tributaries, the 
Grand and Saginaw systems of Michigan, and portions of 
the Maumee system of Ohio. There were also moderate 
local floods in the Sabine, Trinity, and Little Rivers of 
Texas. All of the floods were realtively unimportant 
although only absence of heavy rains prevented a decided 
flood in the rivers of southern lower Michigan and 
horthern Ohio. As it was, the melting of snow and ice 
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due to the high temperatures of the last decade of the 
month caused only moderate flood stages, and the losses 
were very small, although many business interests suf- 
fered considerable inconvenience for a short time. 

Warnings of the floods were ample, and the aggregate 
losses were very small. The totals reported for the large 
territory east of the Mississippi River were only $32,900, 
while those from the Texas floods were $54,000, with a 
through the warnings of $52,500. 

. The ice in the Missouri River in the vicinity of Bis- 
marck broke up on March 21 and 22 and passed down 
the river with little damage. Ample warning of the 
event was issued. The crest stage at Bismarck was 14.6 
feet, 0.4 foot below the flood stage. 

In New England and eastern ; a York there was still 
on the ground an unusual amount of snow with a large 
water equivalent, excellent potential flood conditions 
which a few weeks later were resolved into actual ones 
of which mention will be made hereafter. 

Owing to the comparative mildness of the last three 
consecutive winters the Connecticut River below East 
Hartford bridge has been continuously kept open for 
navigation, although on a few occasions the use of tugs 
was resorted to in order to maintain an open channel. 


Flood stages during month of March, 1926 


Above flood Crest 
Flood 
River and station stage 


ATLANTIC DRAINAGE 


Susquehanna: 26 26 12.2 26 
Neuse: Smithfield, N. C.........-..2..---. 14 15 15 14.9 15 
Peedee: Mars Bluff, 8. C..-..........._.. 17 1 2 17.7 land 2 
ee 16 16 17.0 16 
Oconee: Milledgeville, Ga.............._. 22 31 (®) 22.3 31 
Ocmulgee: 
G6... ll 4 11.3 5 
: Everett City, Ga.............. 10 3 8 10.1 4, 5,6 
ll 15 10.0 li to 15 
EAST GULF DRAINAGE 
Chattahoochee: Columbus, 20 31 @ 29.0 31 
= Lock No. 4, Demopolis, Ala_. 39 il 18 43.9 15 
20 10 27.0| 16,17, 18 
West Pearl: Pearl River, La-.--........._- 13 14 (*) 15.7 27 
GREAT LAKES DRAINAGE 
Maumee: N 10 (4) 13.6 | Feb. 27 
10 1| 124| Feb. 27 
10.0 | Mar. 24 
jw: Saginaw, Mich... 19 25 23 20.1 26 
Shiawassee: Chesaning, Mich. 17 23 17.3 23 
MOR. 22 26 7.5 2B 
Eaton Rapids, Mich. 5| @ 3} &3 1 
Grand Ledge, Mich. 7) @® 
19 9.0 21-22 
Grand Rapids, Mich.........-.......- ll 22 29/ 13.3 25 
Williamston, Mich...........-..-.-... 2 2| 60 2 
20 25 8.5 2% 
East Lansing, Mich. __-..-.....-..-.-- 8 20 26 9.7 20 
MISSISSIPPI DRAINAGE 
Allegheny: Franklin, 15 1 5 | 424.0| Feb. 26 
wick 21 23 20. 6 22 
Shenango: Sharon, Pa_.....-..-.--...--.-- 9 25 §.2 25 
Tuscarawas: 
9 1 13.5 | Feb. 
Gnadeahutten, (1) dane. 34 
1 Continued from last month. 5 Below flood stage, 8 a. m., Mar. 1. 


2 Continued at end of month. 4 Ice gorge. 
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Flood stages during month of March, 1926—Continued 
Above flood 
Flooa | Crest 
River and station stage 
From— To— | Stage | Date 
MISSISSIPPI DRAINAGE—Continued 
Wabash: Feet Feet 
ll Q) 1 16.2 27 
Mount Carmel, Ml _..-....-...-.....-- 16 1 4 16.9 |Mar. 3-4 
Tippecanoe: Norway, Ind_.....-..-...-..- 6 3 3 6.2 3 
BS 22 23 6.1 22-23 
White, West Fork: Edwardsport, Ind_- ... 1); 3 18.3 | Feb. 28 
‘ 24 26 15.6 | Mar. 25 
Lyndon, 2 13.9 | Feb. 27 
14 ® 12| 17.8 27 
14 3 13 14.3 4-7 
SE 14 3 15 14.7 7 
Black: 
12 22 12.1 15-17 
14 12 16 15.2 13 
Sulphur, Ringo Crossing, Tex......--... x 20 24 25 20. 4 
WEST GULF DRAINAGE 
Sabine: Logansport, La...........-....... 25 31 28.9 27 
Trinity: 
28 27 29 28.9 28 
Little: Little River, Tex..........-......- 30 |. ll ll 34.7 h 
PACIFIC DRAINAGE 
Ratvin, 5 30 30 5.0 30 
1 Continued from last month. 


MEAN LAKE LEVELS DURING MARCH, 1926 
By Unitep Srares Laxe Survey 
[Detroit, Mich., April 15, 1926] 


The following data are reported in the Notice to 
Mariners of the above date: ost 


Lakes ! 
Data Michigan 
Superior} and Erie Ontario 
Huron 
Mean level during March, 1926: Feet Feet Feet Feet 
Above mean sea level at New York.......... 600.19 | 577.52} 570.02| 244.14 
Above or below— 
Mean stage of February, 1926........ —0. 08 +0. 10 +0. 12 +0. 04 
Mean stage of March, 1925........... —0. 55 —0. 91 —1. 06 
Average stage for March, last 10 years.| —0.39 —2.19 1.55 —1.26 
Highest recorded March stage. ...... —2.13 —3. 83 —3. 67 
Lowest recorded March stage........ —0. 47 —0. 78 —0. 81 —0. 16 
Average departure (since 1860) of the March 
level from the February level.............. —0.10 +0. 15 +0. 19 +0. 26 


1 Lake St. Clair’s level: In March, 1926, 572.28 feet. 


THE EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, MARCH, 1926 


By J. B. Kincer 
General summary.—The prevailing cool weather east 


of the Mississippi River, and frequent precipitation in 
the interior and Southern States, made si vast gen- 
erally unfavorable for farming operations during March 
over the eastern part of the country. In the South, the 
soil continued too wet during much of the month for the 
preparation of land and the seeding of spring crops, and 
it was too cool for proper germination of seed. ere 
was also considerable frost damage to fruit and early 
vegetables in the Southeastern States about the middle 
of the month and, near the close, some additional harm 
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was reported in scattered: localities in South-Central 
States and in the southern Rocky Mountain area. 

In the central and northern portions of the trans- 
Mississippi States, where rainfall was light to moderate 
and temperatures seasonable, conditions were much 
better and seasonal farm operations made satisfactory 
advance. Precipitation was deficient in the northern 
Plains, however, and more moisture was needed over a 
considerable area of the Northwest. In the more western 
States, the generally mild weather and absence of storms 
were favorable for livestock, and there was sufficient 
rain in the far Southwest to materially improve range 
conditions. In the Pacific Coast States, vegetation ad- 
vanced rapidly under the influence of the — mild 
weather, and the season was well advanced. 

The planting of cotton made slow progress, and very 
little had been put in at the close of the month, though 
considerable preparation of seed beds was accomplished. 
In the western belt a little cotton was planted the latter 
part of the month as far north as southern Arkansas, 
and in the east some was seeded locally northward to 
southern South Carolina. 

Pastures and miscellaneous crops.—Over the great 
western grazing country the weather was generally 
favorable for the range, except that more moisture was 
needed in a few localities, particularly in parts of the 
Pacific Northwest. The mild temperatures were un- 
usually favorable for lambing in the northern portions 
of the range country, and good results were reported. 
In the South pastures made fairly good progress. 

There was considerable injury by frost to early fruit 
and vegetables in the Southeast about the middle of the 
month, and some were damaged in many localities over 
a belt extending from New Mexico, Oklahoma, and south- 
ern Kansas eastward near the close. Harm from low 
temperatures was more or less localized, however, and no 
extensive areas were affected. Minor spring crops needed 
warmth and sunshine throughout the Southern States. 

Small grains.—The month was wry | favorable for 
winter wheat, though growth was slow because of cool 
weather, particularly in the central and eastern portions 
of the belt, where the late-seeded grain showed little 
the early-seeded continued in satisfactory 
condition. In the western portion of the belt the cro 
was favorably affected by the prevailing weather an 
good advance was reported. wi precipitation over 
the south-central Great Plains near the close of the month 
was especially favorable for this crop. The seeding of 
spring wheat made normal advance under favorable 
weather conditions, but in some sections of the belt 
more moisture was needed for germination. Oat seed- 
ing made fairly good progress in the Central-Western 
States, but from the Mississippi Valley eastward this 
work was much delayed by the prevailing cool, wet 
re Grain crops made good advance in the far 

est. 

Corn and cotton.—Plowing for corn was materially 
delayed from the Mississippi Valley eastward, and was 
at a standstill during much of the month because of 
persistently wet soil. It was also rather unfavorable for 
planting in the Southern States and too cool for good 

ermination. In the Atlantic coast area conditions 
ecame somewhat more favorable the latter part of the 
month, and at its close some corn had been planted as 
far north as North Carolina. In the West some was 
seeded northward to the extreme southern Great Plains. 
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CLIMATOLOGICAL TABLES ' 
CONDENSED CLIMATOLOGICAL SUMMARY 
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In the following table are given for the various sections of the climatological service of the Weather Bureau the 
penthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 


dates o 
the several headings. 


occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 


greatest and least monthly amounts are found by using all trustworthy records available. 


The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, March, 1926 
‘Temperature Precipitation 
a Monthly extremes 2 Greatest monthly Least monthly 
Station £3 
Station Station | Station Station 3 
< 
oF, | °F, oF. oF,| °F. || In. In. In, In. 
Alabama... -.......... 50.0 | —6.1 | Brewton... 85 21 | Valley Head_______-. 13 14 |} 6.52 | +0.87 | 12.36 | 2. 88 
54.7 | +1.4 | YumaCitrusStation_| 94 2 Bright 6 || 2.02 | +1.04 | 5.18 | 0. 60 
Arkansas............. 48.5 | —4.2 | 86 24 | ll 8 || 5.57 | +0.83 | Springbank. 2. 04 
57.2 | +5.6 | 2 96} 215 22 || 0.37 | —3.43 | Sprin 2.41 | 9 0. 00 
Colorado ............. 33.5 | —0.9 | Lamar_._........__. 82 17 7 || 1.75 | +0.46 | La Veta Pass__-_... 8:76 | Grover.............. 0.18 
61.4 | —4.4 | 92 31 14 || 4.21 | +1.38 | Cottage Hill. _______ 13.00 | 0. 05 
49.9 | —6.8 | 83 | 223 14 || 5.72 | +0.93 | B Y....-.....-..| 9.88 | Saint George........: 2.95 
39.4 | +3.9 | Chattin’s Flat. 80 15 22 || 0.53 | —0.96 | 9.14 } Aston. | 0,02 
34.8 | —5.8 | 84 13 || 2.51 | —0.70 | 3. 64 0. 88 
34.3 | —6.4 | 8 78 | 223 17 3.05 | —0.81 | 5.16 | 0,81 
32.1 | —2.6 | Little Sioux.._._.._. 13 || 1.06 | —0.69 | 2.62 | 0. 20 
41.4 | —2.5 | Cawker City........| 84 | 2 28 || 1.63 | +0.13 | Garden City........| 3.58 Hill 0.14 
Kentucky -........... 40.3 | —6.3 | 84 18 14 || 2.81 | —2.08 Green (No. | 4.95 | 1, 80 
55.9 | —5.1 | Natchitoches........| 24 | 25| 214 ||11.41 | +6.90| Saint Francisville.__| 18.17 | 5.79 
Maryland-Delaware__| 38.1 | —4,5 | 7stations..........__ 80 25 | Oakland, Md__..__- 5 6 |; 2.22 | —1.44 | Grantsville, Md____| 4.51 | Keedysville, Md_..-| 1.11 
23.9 | —5.0| Berrien Springs.....| 73 —38 5 || 2.50 | +0.42 | 7.33 | Webber Dam..___.- 0.37 
23.5 | —2.2 70 | #21 | —33 | 13 || 0.96 | —0.22 | 2. Crookston... _...... 0, 05 
51.7 | —5.5 | 83 | 21} 12| 14 || 7.60 | +1.91 | Woodville... 15.13 | 2. 55 
39.6 | —4,.2 | 2 24 | 3 8 13 || 2.89 | —0.11 | 5.53 | Albany. 0. 74 
Montana... ......_... 35.0 | +4.8 | Crow Agency.__.... 75 9 | Red —9| 29 0.38 | —0.56 | 2. Cut 0.00 
36.4 Alma... 86 22 0.64 | —0.46 | 0. 02 
45.5 0 | Las 89 24 0.25 | —0.56 | 2 0.95 | 3 0. 00 
New England..__.__- 26.6 | —4.0 | 2stations__.._.____. 66 25 2.68 | —0.96 | Kingston, R. I__.... Van Buren, Me..... 1,13 
New Jersey........._. 35.2 | —3.4 | Tuckerton... 79 25 2.25 | —1.67 | South Orange._.___. 3.15 | Cape 1, 52 
New Mexico..._..__.. 4.7 | 1 81 218 2.09 | +1:23 | Aspen Grove Ranch.| 5.33 | San 0. 25 
New 27.0 | —5.0| 68} 25 2.24 | —0.82 | North 5.62 | 0. 43 
North Carolina______- 43.7 | —5.9| Greenville... 87 31 4.29 | —0.10 | 6.45 | 2. 87 
North Dakota___..._. 25.8 | +3.2] Ashley_..........._. 83 22 0.24 | —0.59 | Powers Lake_______- 1.27 | 2 stations._____.___. 6. 00 
33.2 | —6.4 | 3 76 24 2.28 | —1.24 | Wilmington.........| 4.68 | 0.77 
47.3 | —4.6 | 2 86| 24 | 6] 31 |] 2.55 53 | 6.40 
48.7 5.1 | 88 6 || 0.73 | —2.11 | Classic Lake_.......} 4 4 90.00 
33.1 | —4.4 79 19 | Saegerstown.. —16 5 1.91 | —1 Johnstown 3.94 | 0.58 
South Carolina... 48.8 | —6.0| 83 | 25 | Caesar’s Head.___..| 6] 14 || 4.49| +0.59| Edgefield... 6.80 | 2. 34 
ith Dakota__...._- 32.1 | +1.2 | 3 stations... 79 | 220 | —12 0.28 | —0.80 | Harvey’s Ranch.-_..| 2. Academy. 0. 00 
43.3 | —6.5 | 6 218 | 14 3.92 | —1.46 | 7.10 | Kingsport..........., 2.71 
55.1 | —8.6 | 94 Deter’ 9 31 || 4.81 | +2.75 | 12.20 | Fort Stockton.._._.. 0.77 
40.8 | +2.9 | Saint 84 15 | —6 29 || 0.77 | —0.71 | 2. 
41.1 | —5.0} Cape Henry---_.___ 31 | Burkes Garden__-__- 3 14 || 2.54 | —1.16 | Langley Field_......| 4.45 | Winchester____.___. 1.18 
-| 46.9 | +5.6 | 81 15 | 2 stations... ......... 12; 1.06} —1.85 | Cedar 5.56 | 2 
36.0 | —6.8 | 6 75 | 210 | Bayard............. 6 || 2.87 | —0.94 | 9.82 | Upper Tract 0.35 
22.8 | —6.2| Prairiedu Chien....| 66| 23 | Long Lake___..____- —37 13 |} 1.64 | —0.13 | Plum Island_--____- 3.20 | Grand River Locks..| 0,52 
30.6 | +0.5 | Basin. 75 23 | —20 29 || 0.63 | —0.42 | Dome Lake____.___. 2.71 i 
16.8 | +1.2 | 3 50 29 Allakaket —55 | 225 || 4.50 | +0.60 | Ketchikan.______. --| 19,34 | 
70.0 | +1.4 | 4 stations_____...._. 88 29! Kula Sanitarium._._| 38 31 || 1.96 | —7.45 | Olokele (Mauka)-_.__} 13.50 | Puu Kea__.________. 6.00 
75.3 | +1.5 | Canovamas.......... 96 26 | Aibonito__.._....__. 46 16 || 209 | —1.34 | Carite Dam___...__. 4.51 | Santa Rita__.__.__.. 0.00 
‘ For description of tables and charts, see REVIEW, January, 1926, page 32. 
Other dates also. 
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TaBLE 2.—Data furnished by the Canadian Meteorological Service, March, 1926 
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